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Preface 



Neonaial Intensive Care for Low Birthweight 
Infants: Costs and Effectiveness is Case Study 38 
in OTA's Health Technology Case Study Series. 
This case study has been prepared in connection 
with OTA's assessment. Healthy Children: Invest- 
ing in the Future, which was requested by the 
House Energy and Commerce Committee and the 
Senate Labor and Human Resources Coivimittee. 

OTA case studies are designed to fulfill i vo 
functions. The primary purpose is to provide 
OTA with specific information that can be used 
in forming general conclusions regarding broader 
polic3' issues. The first 19 cases in the Health Tech- 
nology Case Study Series, for example, were con- 
ducted in conjunction with OTA's overall project 
on The Implications of Cost-Effectiveness Anal- 
ysis of Medical Technology. By examining the 19 
cases as a group and looking for common prob- 
lems or strengths in the techniques of cost-effec- 
tiveness or cost-benefit analysis, OTA was able 
to better analyze the potential contribution that 
those techniques might make to the management 
of medical technology and health care costs and 
quality. 

The second function of the case studies is to 
provide useful information on the specific tech- 
nologies covered. The design and the funding lev- 
els of most of the case studies are such that they 
should be read primarily in the context of the as- 
sociated overall OTA projects. Nevertheless, in 
many instances, the case studies do represent ex- 
tensive reviews of the literature on the efficacy, 
safety, and costs of the specific technologies and 
as such can stand on their own as a useful contri- 
bution to the field. 

Case studies are prepared in some instances be- 
cause they have been specifically requested by 
congressional committees and in others because 
they have been selected through an extensive re- 
view process involving OTA staff and consulta- 
tions with the congressional staffs, advisory pant! 
to the associated overall project, the Health Pro- 
gram Advisory Committee, and other experts in 
various fields. Selection criteria were developed 
to ensure f hat case studies provide the following: 

• examples of types of technologies by func- 
tion (preventive, diagnostic, therapeutic, and 
rehabilitative). 
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• examples of types of technologies by physi- 
cal nature (drugs, devices, and procedures); 

• examples of technologies in different stages 
of development and diffusion (new, emerg- 
ing, and established); 

• examples from different areas of medicine 
(e.g., general medical practice, pediatrics, ra- 
diology, and surgery); 

• examples addressing medical problems that 
are important because of their high frequency 
or significant impacts (e.g., cost); 

• examples of technologies with associated high 
costs either because of high volume (for low- 
cost teJinologies) or high individual costs; 

• examples that could provide information ma- 
terial relating to the broader policy and meth- 
odological issues being examined in the par- 
ticular overall project; and 

• examples with sufficient scientific literature. 

Case studies are either prepared by OTA staff, 
commissioned by OTA and performed under con- 
tract by experts (generally in academia), or writ- 
ten by OTA staff on the basis of contractors' 
papers. 

OTA subjects each case study to an extensive 
review process. Initial drafts of cases are reviewed 
by OTA staff and by members of the advisory 
panel to the associated project. For commissioned 
cases, comments are provided to authors, along 
with OTA's suggestions for revisions. Subsequent 
drafts are sent by OTA to numerous experts for 
review and comment. Each case is seen by at least 
30 reviewers, and sometimes by 80 or more out- 
siae reviewers. These individuals may be from 
relevant Government agencies, professional so- 
cieties, consumer and public interest groups, med- 
i*^::! practice, and academic medicine. Academi- 
cians such as economists, sociologists, decision 
analysts, biologists, and so forth, as appropriate, 
also review the cases. 

Although cases are not statements of official 
OTA position, the review process is designed to 
satisfy OTA's concern with each case study's 
scientific quality and objectivity. During the vari- 
ous stages of the review and revision process, 
therefore, OTA encourages, and to the extent pos- 
sible requires, authors to present balanced infor- 
mation and recognize divergent points of view. 

/// 
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Chapter 1 

Summary and Conclusions 



IKTRODUCTION 

Neonatal intensive care is defined by the Amer- 
ican Academy of Pediatrics as the constant and 
continuous care of the critically ill newborn (2). 
Although modern, high-technology neonafdl in- 
tensive care units (NICUs) are a relatively recent 
innovation, their widespread application has al- 
ready played a major and definitive role in the 
improved survival of low birthweight and prema- 
ture infants (25). Despite this success, ethical and 
economic concerns remain about this technology. 
Because of intensive care, some infants, who pre- 
viously would have died, survive but with seri- 
ous and permanent handicaps. The double-edged 
s\7ord of technology, at ever-increasing costs, 
both saves and disables babies. This case study 
reviews the evidence on the effectiveness of ne- 
onatal intensive care and addresses a number of 
these related issues- 

• What are the chances of serious handicap 
among surviving very low birthweight in- 
fants as mortality declines? 

• What changes in technology and medical 
practices are and will affect the chances for 
survival and good developmental outcome? 

• How are decisions made about treatment for 
extremely premature infants who are at the 
edge of viability? 

• How much does neonatal intensive care cost? 
Wlio pays for treatment, and are there prob- 
lems with reimbursement? 

• Is there unequal access to neonatal intensive 
care? What are the barriers that may prevent 
entry for some babies? 

• What are the long-term economic conse- 
quences of providing neonatal intensive care? 

Scope of the Case Study 

Up to half of all patients in neonatal intensive 
care are normal birthweight infants with congen- 
ital anomalies, pneumonia, or other problems. 
However, this case study limits discussion to low 
birthweight infants ( <2500 grams) for several rea- 
sons. First, low birthweight infants, particularly 
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those with birthweights below 1500 grams, are at 
the greatest risk for high mortality and morbidity. 
Moreover, outcomes are changing most rapidly 
for these infants, and new technologies currently 
under investigation hold promise fci continuing 
improvements in the future. Second, there appeal's 
to be a shift in the patient population in neonatal 
intensive care, with increasing numbers of beds 
occupied by extremely low birthweight infants. 
Difficult ethical, social, and economic judgments 
are involved in the decision to treat these infants. 
Finally, because low birthweight and low socio- 
economic status are associated, it is likely that 
public payment programs pay a substantial por- 
tion of the expense for neonatal intensive care. 

Throughout this case study, the term "low 
birthweight infant" is used to refer to infants who 
weigh less than 2500 grams at birth.' "Very low 
birthweight infant" refers to infants with birth- 
weights of less than 1500 grams, and "extremely 
low birthweight infant" describes infants who are 
born weighing less than 1000 grams. Gestational 
age is likely more important than birthweight in 
determining outcome, but the two are highly cor- 
related. Birthweight is easier and more reliable to 



'For ca^c of reference, 2500 grams is approxinialely 5 lb 5 o/, 1 SOD 
grams is about 3 lb 3 o/,. and 1000 grams is about 2 lb 2 o/. 
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measure, and most of the medical literature and 
available data focus on birthweight alone. That 
bias is reflected in this review. 

Under the regionalization concept first intro- 
duced in the mid-1970s, the most sophisticated ne- 
onatal intensive care is provided in so-called Level 
III hospitals. Level II hospitals also provide in- 
tensive care services but lack some of the com- 
ponents and expertise of Level III units, while 
Level I hospitals provide only normal newborn 
care. The extent to which high-risk mothers and 
infants are referred to and treated at the appro- 
priate le^'el of c lie is addressed in this study. 

Organization of the Case Study 

Findings and conclusions about the costs and 
effectiveness of neonatal intensive care are sum- 
marized in the remainder of chapter 1. Chapter 



2 inventories the national supply of neonatal in- 
tensive care units and describes recent trends in 
use and costs. Chapter 3 reviews mortality and 
handicap rate: over time and discusses the out- 
look for the three clinical problems that account 
for a majority of the deaths and poor outcomes 
among very low birthweight infants (respiratory 
distress syndrome, intraventricular hemorrhage, 
and retinopathy of prematurity). Problems in 
financing neonatal intensive care, with special em- 
phasis on Medicaid policies and expenditures, are 
reviewed in chapter 4. Then, findings of unequal 
mortality risks in different types of hospitals are 
reviewed, and possible inequities in access to ne- 
onatal intensive care are considered (ch. 5). Com- 
petitive and financial constraints on hospitals and 
physicians, as well as ethical considerations, are 
explored. Finally, chapter 6 analyzes the lifetime 
economic implications of neonatal intensive care 
for very low birthweight infants and for society. 



SUMMARY 

Supply, Use, and Costs 

Between 150,000 and 200,000 infants (4 to 6 
percent of all newborns) are treated annually in 
NICUs, ard at least one-half of them are low 
birthweight infants. Confusion over which hos- 
pitals deliver the most intensive v. less special- 
ized care complicates estimates of the supply of 
neonatal intensive care. Of a total of 534 com- 
bined I evel II and Level III neonatal intensive care 
units in the country, about 420 of them offer very 
sophisticated Level III services. While many in- 
dividual neonatal intensive care units are filled to 
overcapacity, there does not appear to be a short- 
age of NICUs or intensive care beds nationwide. 
In 1983, the occupancy rate for NICUs was 73 per- 
cent, comparable to the national occupancy rate 
for all hospital beds. 

Neonatal intensive care for very low birth- 
weight infants ranks among the most costly of all 
hospital admissions. Although the average hos- 
pital cost for low birthweight infants ranges from 
only $12,000 to $39,000, the distribution of costs 
among patients in the neonatal nursery is highly 
skewed. A few infants incur truly extraordinary 
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costs. About half of the variation costs is ex- 
plained by four risk factors: birthweight, survival 
to hospital discharge, use of assisted ventilation, 
and surgical intervention. A primary predictor of 
cost is birthweight; costs increase as birthweight 
falls. The average cost for a very low birthweight 
survivor is from $31,000 to $71,000. The tiniest 
infants who survive, those with birthweights un- 
der 750 grams, have the longest average hospital 
stays, about 98 days, and the highest costs, aver- 
aging $62,000 to $150,000. Hospitals report in- 
creasing numbers of these tiniest babies in their 
NICUs. (About 8,500 infants weighing less than 
750 grams are born each year in the United 
States.) 

Mortality and Morbidity 

Neonatal intensive care, along with improved 
obstetrical practices, is in large part responsible 
for the remarkable decline in birthweight-specific 
neonatal mortality rates over the past 25 years. 
Neonatal mortality for infants with birthweights 
of 1000 to 1500 grams has fallen from more than 
50 percent to only 10 percent. And whereas more 
than 90 percent of all infants weighing under 1000 
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grams died in 1960, the neonatal mortality rate 
for this ^roup now is about 50 percent. This 
achievement reflects improvements primarily in 
t^^ ^750- to 1000-gram bii ' weight group (more 
th» A two-thirds survive touay), because mortal- 
ity in the smallest and most premature infants, 
those under 750 grams, is still very high. 

Even among the most sophisticated neonatal in- 
tensive ca-e centers, the risk of mortality for very 
low birthweight infants varies substantially. In the 
mid-1980s for example, the mortality rates re- 
ported for the most vulrierable group, infants with 
birthweights under 750 grams, varied from 28 per- 
cent in one university affiliated center, to 53 per- 
cent in another, and 74 percent in a third center. 
T^e success of some centers indicates that the tech- 
nology of neonatal intensive care is changing very 
rapidly. 

The rate of serious long-term disability increases 
with decreasing birthweight, but within each 
birthweight group, the proportion of NICU surviv- 
ors who have serious handicaps has not changed 
significantly since the introduction of neonatal in- 
tensive care. Because many very sick newborns 
who pieviously would have died are now surviv- 
ing, an increasing rate of handicap might have 
been expected. OTA concludes that neonatal in- 
tensive care has contributed to improved long- 
term developmental outcomes for premature in- 
fants. The great decline in mortality among all 
subgroups of very low birthweight infants over 
the last 10 years, however, means there are now 
larger absolute numbers or both seriously handi- 
capped and normal survivors.. For every 100 very 
low birthweight infants treated in today's NICUs, 
c'bout 27 will die before hospital discharge, 16 will 
be seriously or moderately disabled, and 57 will 
be normal children, the ugh some will develop 
mild learning dis?bilitieF 

The majority of deaths in the extremely low 
birthweight group arc attributable to respiratory 
distress syndrome (RDS) or intraventricular hem- 
orrhage. The incidence of both these clinical prob- 
lenis, as well as the incidence of retinal disease,^ 
increases with progressively lower birthweights. 
About half of all very low birthweight infants 
have KDS, and one-third have brain hemorrhages. 
Jnfancs with seve^^e hemorrhage have both high 
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mortality and, for those who survive, a high .rate 
of later neurodevelopmental disability. Retinal 
disease, which is almost entirely restricted to very 
low birthweight infants, causes blindness in about 
1 percent of infants with birthweights between 
1000 and 1500 grams and in about 5 to 11 per- 
cent of infants with birthweights below 1000 
grams. 

RDS is the most common problem in fhe neo- 
natal nursery, and assisted mechanical ventilation 
is usually essential to help babies in respiratory 
distress breathe. But the use of assisted ventila- 
tion is correlated with both intraventricular 
hemorrhage and the development of chronic lung 
disease. One-third of very low birthweight sur- 
vivors have chronic lung disease at 1 ^'^th of 
age. A recent study showed that the wa i which 
ventilatory support is medically managed may be 
associated with outcome; some :ieonatal intensive 
care centers have significantly lower rates of 
chronic lung disease than others. Changing and 
refining existing medical practices in NICUs could 
further decrease the mortality and poor outcomes 
associated with RDS and assisted ventilation. 

Moreover, it is possible that several technol- 
ogies could substantially prevent RDS in the fu- 
ture. Steroid treatment administered to women 
in preterm labor in order to accelerate fetal lung 
maturation, has been available for 16 years. De- 
spite numerous studies confirming its efficacy, 
however, many obstetricians have concerns about 
specific indications for use, and steroid treatment 
has not been widely integrated into obstetrical 
practices. The other technology, administering ex- 
ogenous pulmonary surfactant into the lungs of 
the newborn, is new, and the medical community 
is hopeful about its potential for treating lung defi- 
ciency. Controlled clinical trials conducted to date 
have demonstrated lowered risk of death and res- 
piratory disease. It will be several more years be- 
fore surfactant therapy is generally available for 
premature infants. 

Financing 

A study in children's hospitals (some of the 
most sophisticated Level 111 centers) found that 
neonatal intensive care is the most costly category 
of service to provide, and that these hospitals suf- 
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fer their greatest financial losses from neonatal 
cases. In those hospitals studied, neonates repre- 
sented only 8 percent of admissions but 21 per- 
cent of all patient days and 25 percent of the hos- 
pitals' costs. 

As third-party payers, including Medicaid, in- 
creasingly move to prospective payment methods, 
concerns have been raised that diagnosis-related 
groups (DRGs) as currently constituted under 
Medicare do not adequately reimburse hospitals' 
costs in providing neonatal intensive care. As 
many as half of the admissions to NICUs are clas- 
sified as outliers (cases with statistically unusual 
lengths of stay) under the current Medicare sys- 
tem. Reform of the DRG system to reflect more 
accurately the true resource use of very low birth- 
weight infants will help hospitals' finances, but 
hospitals may continue to experience revenue 
shortfalls for neonatal intensive care because of 
their inability in the future to shift costs as the 
proportion of charge-paying patients declines. 

Medicaid is generally considered a poor payer 
by hospitals. The method of reimbursement and 
the level of payment for neonatal intensive care 
varies by State. Likewise, the proportion of Med- 
icaid admissions, and therefore Medicaid's impor- 
tance as a payer, varies widely across institutions; 
overall. Medicaid recipients account for about a 
quarter of all NICU admissions. From the perspec- 
tive of the Medicaid program, about 6 percent of 
all newborns whose deliveries are subsidized by 
Medicaid require neonatal intensive care, but this 
care is so expensive that it represents about 30 per- 
cent of all Medicaid expenditures for maternity 
care. Through recent legislative changes, any new- 
born whose mother met income requirements for 
Medicaid prior to delivery is assured of at least 
60 days automatic Medicaid coverage. Financial 
coverage for other infants in the NICU who are 
not eligible for Medicaid is sometimes available 
through a variety of State and county paynent 
programs for the indigent. 

Access 

The statistics on survival and outcome that are 
cited in this case study refer to infants who are 
treated in the regional perinatal centers (Level III 
hospitals). A number of studies document better 



survival rates for very low birthweight infants 
bom in Level III hospitals than for those bom else- 
where in the same geographic area. Moreover, 
several studies go further and indicate that sur- 
vival rates for very low birthweight infants born 
in Level III hospitals are significantly higher than 
for those infants born in either Level I or Level 
II hospitals, despite transfer of sick infants after 
birth. Because deaths within a short time of birth 
cannot be influenced by infant transport, it may 
be that very low birthweight infants are not ade- 
quately resuscitated and stabilized at birth in Level 
I hospitals. Poorer survival rates in Level II hos- 
pitals were reported in only a few studies. The 
Level II hospitals with poorer survival rates rarely 
referred their very low birthweight patients to re- 
gional centers, and the researchers concluded that 
the intermediate units could not expertly manage 
the complications of low birthweight, such as res- 
piratory failure. 

Because little is known about whether high-risk 
mothers and infants are actually redistributed to 
the appropriate level of care, the observed gra- 
dient in mortality risk across hospital level could 
indicate possible inequities in the provision of neo- 
natal ir tensive care. Although the contribution 
of infant transport cannot be assessed, one indi- 
cation of access to intensive care is the extent to 
which high-risk deliveries are concentrated in 
Level III centers. All published reports indicate 
that although high-risk deliveries have increas- 
ingly been moved to Level III centers over time, 
there is still wide variation among geographic 
areas. Rural populations, as expected, clearly have 
less access to perinatal centers than urban popu- 
lations, and one study showed better access to spe- 
cialized care for black infants than for white 
infants. 

Although the extent of a possible access prob- 
lem cannot be determined from existing data 
sources, hospitals may have financial incentives 
not to serve high-risk mothers and infants. Hos- 
pitals have no legal obligation to admit these pa- 
tients even if they are perinatal centers, and some 
hospitals suffer their greatest financi?^ losses from 
neonatal cases. Medicaid coverage for very low 
birthweight infants does not guarantee admission, 
because Medicaid is generally considered a poor 
payer by hospitals. The same financial incentives 
operate for physicians with regard to nonpaying 
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or partial-pay patients. Obstetricians lag behind 
other specialties in the extent to which they ac- 
cept Medicaid patients. 

A more important barrier to treatment, how- 
ever, is the unwillingness of many obstetricians 
to refer high-risk maternity cases to perinatal 
centers prior to delivery. The perceptions of ob- 
stetricians, many of whom substantially under- 
estimate the potential survival of extremely low 
birthweight infants, influence the management of 
high-risk pregnancies and prematura labors, 
which, in turn, actually affects the survival oi 
newborns. On the other hand, once a low birth- 
weight infant, no matter how tiny and premature, 
is admitted to an NICU, aggressive treatment is 
almost always assured. Neonatologists, in part in 
reaction to legal liability concerns raised by "Baby 
Doe" rules, are increasingly treating even the ti- 
niest infants bon^ at the threshold of viability. The 
probability of handicap cannot be determined ' 
birth, and the normal butcome for a few of thei>t 
infants encourages neonatologists to push for the 
unprecedented treatment of the lowest birthweight 
infants. 



CONCLUSIONS 

This OTA case study corroborates earlier 
reports concluding that neonatal intensive care is 
an effective technology for the improved survival 
and long-term developmental outcome of very 
low birthweight infants. In the 1980s, continued 
improvements in outcomes are shown in every 
very low birthweight subgroup, with the great- 
est statistical improvement, recently, in the 750- 
to 1000-gram birthweight group. 

The success of neonatal intensive care does 
carry a burden of increasing numbers of seriously 
handicapped children. As mortality rates decline, 
there are larger absolute numbers of both handi- 
capped and normal survivors. If today's neonatal 
intensive care were provided for all very low 
birthweight infants, over 15,000 normal children 
who would have died in 1975 would be added to 
the Nation's population. Likev/ise, families and 
society would face an increase of about 2,200 seri- 
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Cost-Effectiveness 

The incremental cost of neonatal intensive care 
to produce a survivor in 1984 was $86,000 for in- 
fants with birthweights between 1000 and 1500 
grams and $118,000 for infants with birthweights 
below 1000 grams. The lonf -term economic con- 
sequences of providing neoi atal intensive care to 
very low birthweight infantb were evaluated in 
a cost-effectiveness study performed by Canadian 
researchers. Projected over a lifetime, the intro- 
duction of neonatal intensive care costs $^,460 per 
quality-adj sted life-year gained for infants with 
birthweights between 1000 and 1500 grams and 
$31,240 per quality-adjusted life-year gained for 
infants with birthweights under 1000 grams. Thus, 
neonatal intensive care results in both increased 
survival and increased costs. Moreover, neonatal 
intensive care becomes more expensive as it is em- 
ployed in increasingly marginal cases. The worth 
of a life saved, however, is ultimately a value 
judgment involving ethical and social considera- 
tions. The results from cost-effectiveness studies 
alone cannot guide decisions regarding who 
should receive care. 



ously handicapped infants who would not have 
survived a decade ago. These individuals require 
outside resources and help throughout their 
lifetimes. 



Neonatal intensive care is costly. While the 
average hospital cost for low birthweight infants 
is about $620 per day in the hospital, a few in- 
fants incur truly extraordinary costs. The cost to 
society increases as neonatal intensive care is pro- 
vided to the very lowest birthweight infants, but 
it would be unethical and illegal categorically to 
deny treatment. So far, technology cannot deter- 
mine at birth which infants are doomed to se- 
verely handicapped lives. Physicians, in conjunc- 
tion with parents, have traditionally grappled 
with decisions about treatment for premature and 
sick newborns— and they must continue to do 
this.. 



8 



The disturbing fact is that an extremely prema- 
ture baby's chances for survival and normal de- 
velopment are in large part determined by where 
the baby is born. While moderately sized low 
birthweight infants do well in Level II units, there 
is a gradient in mortality risk across hospital levf 1 
for very low birthiveight infants. Although the 
birth of a premature infant cannot always be an- 
ticipated, there is ample evidence that a pregnant 
woman at high risk should be transferred to a 
Level III center prior to delivery. Very low birth- 
weight infants should be transported to Level III 
hospitals as soon as they are stabilized. 

The extent of a possible problem in access to 
neonatal intensive care is unknown. Regional 
organization may have proceeded further in ne- 
onatal care services than in any other aspect of 
medicine in this country. This regionalization has 
been accomplished, in almost all States, through 
the voluntary cooperation of hospitals, physi- 
cians, and maternal and child health officials. 
Moreover, the optimum concentration of high- 
risk births in Level III centers is unknown because 
of unavoidable hurdles to admission (e.g., access 
to services in rural areas will always lag behind 
availability in urban areas). 

It does appear, however, that some high-risk 
mothers and infants are not transferred to Level 
III hospitals for financial reasons. It also appears 
that some Level II hospitals are not appropriately 
transferring high-risk women and newborns be- 
cause of a desire to offer competitively a full ar- 
ray of services even when those service^ do not 

eet the needs of the patients. And most impor- 
tantly, surveys show that many obstetricians and 
pediatricians do not have a good understanding 
of the prognosis for extremely low birthweight in- 
fants; they substantially underestimate the poten- 
tial for survival and normal outcome. Their man- 
agement of high-risk pregnancies and births 
reflects these misunderstandings. 



These problems point to a need to continue to 
push for further regionalization of perinatal serv- 
ices in the 1980s. Stronger guidance from profes- 
sional associations and State health authorities 
may be necessary in two areas. One is the for- 
mulation of clear recommendations on treatment 
and transfer policies for infants with particular 
problems and/or birthweights by level of care. 
Second is the exercise of leadership in informing 
obstetricians and pediatricians about current prac- 
tices and outcomes in neonatal intensi^^e care. 

Even among Level III hospitals, there are sub- 
stantial differences in mortality risk for very low 
birthweight infants. At present, there is only sug- 
gestive evidence that variations in medical prac- 
tices within institutions may lead to these differ- 
ences. Differences in the organization of NICUs, 
the methods of applying existing technologies, and 
the use or disuse of certain technologies may all 
play a part in the success of some centers. Clearly, 
the technology of neonatal intensive care is chang- 
ing very rapidly. The rate of diffusion of the latest 
and most effective techniques and knowledge — 
even among the 420 most sophisticated NICUs 
offering Level III services — may not be proceed- 
ing apace with developments. 

The problem of disseminating information to 
medical professionals and institutions is not 
unique to neonatal intensive care. The need to 
share information among professionals is ongo- 
ing in all arenas of medicine. Moreover, skepti- 
cism about new ideas and techniques is healthy 
in that the diffusion of technologies which are not 
efficacious is at least slowed. Further research in 
NICUs is definitely necessary to evaluate which 
medical practices are effectively helping very low 
birthweight infants. Nevertheless, the speed of 
technology diffusion in neonatal intensive care is 
critical because the lives and well-being of our 
smallest babies may hang in the balance. 
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Chapter 2 

Supply, Use, and Cost of 
Neonatal Intensive Care 



INTRODUCTION 

With the evolution of perinatal medicine and 
the development of associated medical technol- 
ogy in the 1960s, many hospitals introduced ne- 
onatal intensive care units (NICUs). Intensive care 
units for adults had already been established in 
most hospitals, and the similar needs of newborns 
for sophisticated, intensive treatment became 
apparent (15). In the United States, the primary 
growth in special units for neonatal intensive care, 
combining Ir technology and highly trained 
staff, occurred in the 1970s. By 1976 the Com- 
mittee on Perinatal Health^ had proposed guide- 
lines for the regionalization of maternal and 
perinatal health services that included a three- 
tiered system of hospital care (34). Level III hos- 
pitals serve as regional centers and provide the 
most intensive neonatal care. Level II facilities 
have many but not all components of newborn 
intensive care services, and Level I hospitals pro- 
vide normal newborn care with no special units 

'The Commillee on Perinalal Heallh was a joinl efforl by ihe 
American Medical Associalion, ihe American College of Obslelri- 
cians and Gynecologists, ihe Amencan Academy of Family Physi- 
cians, and ihe American Academy of Pedialrics. 



for the care of seriously ill infants. The concept 
of regionalization is that high-risk mothers and 
infants are screened and referred or transported 
to the appropriate level of care. Success depends 
on the coordinated relationship among hospitals 
in the system. 

Despite these guidelines, recommendations pub- 
lished by the American Academy of Pediatrics in 
1977 (2), and guidelines jointly issued by the 
American Academy of Pediatrics and the Amer- 
ican College of Obstetricians and Gynecologists 
in 1983 (4) outlining the responsibilities and re- 
quirements of the three hospital levels, there is 
no standard national application of what consti- 
tutes Level II or Level III care (25). Some States 
evaluate each hospital's perinatal services and as- 
sign levels. In other States, the regional system 
is informal, and each hospital classifies its own 
services. An earlier study by OTA on neonatal 
intensive care identified only four States in 1978 
that forced adherence to specific standards 
through licensure or certificate-of-need authorities 
(25). 



SUPPLY 

The confusion over which hospitals deliver in- 
tensive v. less specialized newborn care complicates 
data collection and analysis. As a definitional min- 
imum. Level III NICUs have the capability to pro- 
vide ongoing respiratory support and are staffed 
by a full-time neonatologist. But today many 
Level II units also have these capabilities. The true 
distinction between the two levels of care may lie 
with the kinds of patients treated, rather than in 
equipment and staffing capabilities. Level II hos- 
pitals are more likely to provide short-term res- 
piratory support, stabilize very sick or very pre- 
term patients, and then refer more complicated 



cases, especially those requiring surgery, to Level 
III units (144). 

Because of these ambiguities,^ most inventories 
group Level II and Level III hospitals together. Ta- 
ble 1 presents the most recent estimate of the com- 
bined number of Level II and Level III units iden- 
tified by the National Perinatal Information 
Center in a survey of hospitals offering perinatal 
and neonatal special care. The reported 1983 to- 
tals of 534 NICUs and 7,684 NICU beds repre- 
sent a nationwide increase of 3 percent in avail- 
able neonr.tal intensive care beds and a decrease 
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Photo credit: Children's Hospital National Medical Center, Washington, DC 

Level in hospitals provide the most sophisticated 
intensive care for newborns. 



of 13 percent in the number of NICUs since an 
earlier OTA assessment estimated the number of 
units and beds in 1978 (25). To illustrate the con- 
fusion over definitions, Ross Laboratories, which 
initially surveyed hospitals in 1978 and then in- 
formally updated its inventory, lists more than 
twice as many Level II and Level III hospitals 
(1,137) on its 1986 roster (138). In part, this differ- 
ence is accounted for by the inclusion in the Ross 



Table 1.— Supply of Neonatal Intensive Care Units 
(NICUs) and Beds in the United States, 1983 



Region 


Number of 
hospitals 


Number of 
NiCU beds 


Northeast 


. , 100 


1,622 


South Atlantic 


81 


1,003 


North Central 


135 


2,391 


South Central 


92 


1,218 


West 


122 


1,413 


Other 


4 


37 


Total 


534 


7,684 


SOURCE National Pennatal Information Center, unpublished data from the 



American Hospital Association's 1983 Annual Survey of Hospitals, 



Providence- RI. December 1986 

Laboratories' inventory of military hospitals and 
all special care units for newborns. It is also likely 
that the National Perinatal Information Center 
underestimates the number of Level II units, but 
the magnitude of the difference is still unexplained. 

The actual number of Level III units, fully 
staffed by neonatoiogists and capable of provid- 
ing the most sophisticated prolonged life support, 
is probably close to 420. About 485 hospitals re- 
ported that they had NICUs in 1983 on the Amer- 
ican Hospital Association's Annual Survey of 
Hospitals, but further investigation by the Na- 
tional Perinatal Information Center refined that 
figure to lOut 420 (144). Through interviews 
with maternal and child health officials and other 
experts in the field, some hospitals were dropped 
from the list while others were added. 

Even Level III hospitals have varying capabil- 
ities. Forty children's hospitals have NICUs. These 
children's hospitals, along with many university 
hospitals, tend to provide the most sophisticated 
neonatal intensive care, often in conjunction with 
specialized pediatric surgery. Neonatoiogists 
sometin^ refer to these centers as Level IV hos- 
pitals. 



UTILIZATION 

Again reflecting data from Level II and Level 
III units combined, table 2 shows that infants 
spent over 2 million days in NICUs in 1983, main- 
taining an average NICU occupancy rate of 73 
percent. There was considerable variation in oc* 
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cupancy by geographic area, with the North Cen- 
tral region reporting only a 65-percent occupancy 
rate and the Northeast and the Western regions 
each reporting an 80-percent occupancy rate. As 
the national occupancy rate for all hospital beds 
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Table 2.— Neonatal intensive Care Unit Days of Care 
and Occupancy in the United States, 1983 

Occupancy 

Region Patient days (percent) 

Northeast 471,395 ~80 

South Alan^lc 277,582 76 

North Central 569,545 65 

South Central 300,771 68 

West 411,961 80 

Other 8,468 63 

Total 2,039,722 73 

SOURCE National Perinatal Information Center. unpul)lishe(J data from the 
American Hospital Association s 1983 Annual Survey of Hospitals. 
Providence. Rl. December 1986. 



was 76 percent in 1983, the widely expressed con- 
cern that NICU beds are filled to overcapacity was 
not substantiated by these data (5). Of course, the 
experience of individual neonatal intensive care 
units varies widely, and some NICUs do report 
regular over-utilization (47,143). 

The number of admissions to NIClJs, and there- 
fore the average length of stay, is not available 
from national databases. Based on total patient 
days and average lengths of stay reported by sev- 
eral groups of Level III centers (see table 3), OTA 
estimates that between 150,000 and 200,00C . i- 
fants are admitted annually to neonatal intensive 
care units, or between 4 to 6 percent of all 
newborns. 

Between 50 and 80 percent or all admissions to 
NICUs are low birthweight infants; there is con- 



siderable variation across centers (110,130,186). 
While the proportion of infants bom weighing be- 
tween 1500 and 2500 grams has decreased some- 
what relative to total births over the last 10 years 
(currently 5.5 percent of all births), the propor- 
tion of very low birthweight infants has increased 
slightly (170). About 39,000 very low weight in- 
fants are born annually (a little more than 1 per- 
cent of all births), and virtually all of them require 
neonatal intensive care. In 1984, almost 17,000 
of the very low birthweight infants weighed less 
than 1000 grams at birth. 

Individual Level III centers report a trend 
toward increasing admissions of infants weigh- 
ing under 1000 grams. Whereas these extremely 
low birthweight infants may have constituted 5 
or 6 percent of admissions in the 1970s, in the 
1980s they represented 10 to 12 percent and even 
29 percent of all admissions to the NICU (48,87, 
126,129,186). At least one report also documents 
a shift in the distribution of birthweights within 
the under 1000-gram birthweight group. From 
1974 to 1983 at the University of Alabama in Bir- 
mingham, the proportion of admissions in the 
501- to 700-gram category nearly doubled while 
the proportion of admissions in the 901- to 1000- 
gram group decreased (57). 

Information on length of stay by birthweight 
category is shown in table 3. The average length 
of stay in 1984 for all sick newborns in those 



Table 3.— Length of Stay by Birthweight Group, 1984 



Average length of slay (days) 



Birthweight (grams) 


Maryland 


Children's 


San Francisco 


Level III hospitals^ 


hospitals^ 


Level III hospitals'^ 


<750 


39 2 


57.7 


40.8 


751-1000 


65.3 


59.1 


56.3 


1001-1500 ...... . . 


46.4 


45.4 


41 2 


1501-2000 . . . 


..... 21 1 


25.0 


17.9 


200V2500 




166 


100 


>2500 


4.4 


11 3 


8.4 


Total <1500 


49.1 


50.4 


44.9 


Total <2500 


23.8 


31.6 


29.5 


Total all infants 


10.3 


17.1 


ie.8 



^In Maryland's seven hospitals wtth Level III Neonatal Intensive Care Units (NICUs). includes all newborns who faM into the 
major dtagnostic category (MOC) for neonates, MOC 15, excluding normal newbo-ns 

In a sample of 13 children s hospitals, includes an neonates admitted under age 28 days, except normal newborns &nd m 
Jams /Jt\o died or were trar^sfe.red w'thin 24 hours of birth The latter are included m me total for all infants 
*^{n two San Francisco hospitals with Level Ml NfCUs. includes all infants admitted to the NICUs 

SOURCES Information Service Center Inc , Baltimore MO. unpublished data, prepared under contract with the Office of Tech 
nology Assessment July 1986. National Association of Chtldren s Hospitals and Related Institutions Inc , Alexan- 
dria JA unpublished data August i086 and CS Phibbs. Untver&tty of California. San Oicgo unpublished data 
March 1987 
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centers reporting data ranged from 10 to 19 days 
while the average length of stay for very low 
birthweight infants ranged from 45 to 50 days. 
As expected, the length of hospital stay increases 
as birthweight decreases. For extremely low birth- 
weight infants under 1000 grams who survive to 



hospital discharge, it takes at least 70 to 90 days 
in the hospital to reach the necessary size and 
maturity so that continuous professional nursing 
care is no long required (see table 5). The impli- 
cations of other risk factors for length of stay are 
discussed in the following section on costs. 



COST 

Neonatal intensive care is expensive, ranking 
among the most costly of all hospital care.^ Aver- 
age hospital costs for low birthweight babies in 
1984 ranged from $11,670 to $39,420 (see table 
4).^ Among 10 diagnoses studied by Showstack 



^The costs for physicians' services in NiCUs are not reflected in 
this section because data on physician charges were unavailable. 
Estimates vary, but physicians charges probably raise overall med- 
ical care charges by about 15 percent (79,128). Typically, neona- 
tologists charge a daily visit fee for each patient in the NICU and 
additionally bill all procedures, such as catheterization, separately. 
Other consulting physicians also charge for their services With the 
extremely long hosp.tal stays of most very low birthweight infants, 
physicians charges can become a substantia! liability for patients 
families. 

-The three data sources in tables 4 and 5 show such a wide range 
in hospital costs in part because they report on different popula- 
tions The data from the Maryland and children s hospitals include 
all newborns who are hospitalized ^except normal newborns), while 
the data from the San Francisco hospitals include only NICU ad- 
missions. Bee use the majority of the larger low birthweight infants 



and his colleagues, infants with respiiatory dis- 
tress :>yndrome (a major problem among prema- 
ture, low weight babies) had substantially higher 
hospital charges than any other group, including 
patients with acute myocardial infarction or kid- 
ney transplantation (154). The costs for the sick- 
est and tiniest infants in neonatal intensive care 
rank with the most expensive medical procedures 
that are performed today, like cardiac or bone 
marrow transplantation (96,145). 

The distribution of costs among patients in the 
neonatal care nursery is highly skewed. A signif- 
icant portion of the variation among infants in 



(those with birthwejghts between 1500 grams and 2500 grams) do 
not require intensive care, the cost data for these birthweight cate 
gones, although reflecting average hospital costs, underestimate 
NICU costs. Box A provides a full explanation of the databases and 
their limitations. 



Table 4.— Hospital Cost by Birthweight Group, 1984 

Average hospital costs 

Maryland San Francisco 

Birthv/eight (grams) Level HI hospitals^ Children's hospitals^ Level 111 hospitals^ 

£750 7'~~~7" $25,069 $48,773 $58,053 

75M000 38,750 47,068 76,387 

100M500 22,266 32,530 53,663 

1501-2000 8,594 16,370 20,845 

2001-2500 2,898 13,794 16,751 

>2500 1,202 9,358 14,601 

Total < 1500 26,737 38,171 60,015 

Total < 2500 11 ,666 23,639 39,42 1 

Total alt infants 4,411 13,416 26,946 

^in Maryland s seven hospitals with Leve* Hi Neonatal intensive Care Units (NlCUs^ includes all newboms who fait into ihe major diagnostic category (MOC) for neo 

nates. MDC 15. exciuding normal ne/fborn^ Charges are conv ed to costs through a weighted cost to charge ratiu derived from the Maryland Health Services Cost 

Review Commission's ratios fOf individual hospitals and their relative contribution to total births. 
^In a sample ot 13 children s hospitals, includes all neonates admitted under age 28 days, except normal newborns and infants who died or were transferred wilhm 

24 hours of birlh (Tne latter are included m the total for ah infants / Costs are derived from a cost finding methodology employed by National Association of Children S 

Hospitals and Related Institutions and adjusted for labor differentials 
^in two San Francisco hospitals with Level lit NiCUs. includes all infants admitted to the NlCUs Charges are adjusted to costs using Medicaid s cost to charge ratio 

SOUf^CES Information Service Center Jnt . Baltimore. MD. unpublished data, prepared under uontraut with the Oi>>f j of Technology Assessment. July 1986, National 
Association of Children » Hospitals and Related Institutions. Inc . Alexandria. VA. unpublished data. August t^^. ^ri S Phibbs, University of California. 
San Diego, unpublished data. March 1987 
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Box A.— How To Interpret the Data in Tables 3, A, and 5 

Tables 4 and 5 show such a wide range of costs because the three data sources that are cited report 
on somewhat different populations. The seven Level III hospitals in Maryland have the lowest costs. These 
data include all infants born in the hospitals who are assigned to the diagnosis-related groups (DRGs) for 
neonates (excluding normal newborns). Because of inconsistencies in coding, these data may include some 
infants older than 28 days who return to the hospital for routine surgical corrections of congenital anoma- 
lies and may exclude some seriously ill newborns who are assigned to non-neonate DRGs that describe 
the organ system involved with their problems (109). Any newborn weighing less than 2500 grams is in- 
cluded in this classification because of his low birthweight, regardless of the extent of medical problems. 
Thus especially in the heavier low birthweight groups, the Maryland data underestimate NICU costs be- 
cause many of the babies, though hospitalized, are not sick enough to warrant intensive care. 

Conversely, the other 2 data sources, 13 children's hospitals and 2 university-affiliated San Francisco 
hospitals, tend to overestimate average NICU costs. Most children's hospitals do not have obstetrical serv- 
ices, and they typically serve as super-referral centers for the most difficult and complicated cases, often 
those requiring complex surgery. They, along with many university hospitals, are sometimes referred to 
as Level IV facilities because their caseloads require such intensive care. These data sources reflect average 
costs for the sickest infants. 

There are several additional caveats about these data. The data from the children's hospitals include 
all admissions of infants under 28 days of age, but like the Maryland data, it is not known which infants 
actually received care in the intensive care unit. For example, very complicated surgical patients with ^on- 
genital problems often are placed in pediatric intensive care units mstead of NICUs even if they are new- 
boms. And because children's hospitals are almost exclusively referral centers, many of the babies return 
to their original hospitals after surgery or to complete recuperation. Such transfer policies underestimate 
true lengths of stay and concomitant costs for these newborns. 

The two San Francisco hospitals constitute the only data source that reports only on infants admitted 
to the NICU. Thus it is the best source of information on the cost experience of the heavier birthweight 
infants (over 1500 grams) in NICUs. However because one oi these hospitals is also a surgical center for 
infants with congenital anomalies, these data may overestimate typical NICU costs for the larger infants. 
Moreover, the same hospital has an aggressive program for back-referring infants to their originating hos- 
pitals which explains, in part, the generally shorter lengths of stay reported by the San Francisco hospitals 
compared with the children's and Maryland hospitals. Finally this database is limited by the size of the 
population. The San Francisco hospitals had a total caseload of 580 infants while the Maryland hospitals 
and the children's hospitals each report on over 5,000 infants. There were 290 low birthweight infants in 
the San Francisco hospitals. The Maryland hospitals had 1,540 infar' id the children's hospitals had 2,240 
infants in their low birthweight populations. 



cost and length of stay is explained by four meas- 
ures of risk: birthweight, survival to hospital dis- 
charge, assisted ventilation, and surgical interven- 
tion (109,130). A study on costs in 13 children's 
hospitals conducted by the National Association 
of Children's Hospitals and Related Institutions 
in 1984 found that these factors explained 45 per- 
cent of the variation in costs among neonatal cases 
when the extreme outliers were removed from the 
calculation (111). A different study of admissions 
to six Level III NICUs in California found 42 per- 
cent of the variation in costs was explained by 

ERLC 



these factors plus two others: multiple births and 
discharge to another hospital (130). 

Birthweight has the greatest explanatory power. 
Costs increase as birthweight falls. The average 
hospital costs for very low birthweigl i babies 
range from $26,740 to $60,015. (See table 4.) In- 
fants in the 750- to 1000-gram birthweight group, 
which uses resources very intensively, have aver- 
age costs between $38,750 and $76,390. The aver- 
age hospital costs for infants with birthweights 
below 750 grams are lower than the average costs 
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for those infants in the 750- to lOOO-gram group 
because so many of the tiniest babies die within 
a short time of birth, thus incurring fewer expenses 
(figure 1). 

If only survivors are counted, costs increase 
across birth weight groups. (See table 5.) Because 
of the high mortality experienced at the lowest 
birthweights, survival to discharge is the most im- 
portant factor in explaining variations in costs for 
infants with birthweights under 1500 grams. A 
large percentage of these premature newborns die 
within a very short time after birth and consume 
minimal resources. Another substantial portion 
of the infants live past the first critical 24 to 72 
Hours and consume considerable resources, but 
eventually die. The childre'i s hospital data indi- 
cate that even if only this latter group, infants who 
use resources intensively but ultimately die, is con- 
sidered, on average survivors are still more ex- 
pensive (109). As expected, the tiniest infants who 
survive, those with birthweights from 500 to 750 
grams, have the highest costs and hospital stays, 
from $61,700 to $149,180 and from 87 to 109 days 
respectively. 

Table 6 shows costs and lengths of stay for new- 
borns who require assisted ventilation for more 
than 72 hours. Unfortunately, virtually all infants 
born weighing under 750 grams and most infants 
in the 750- to 1000-gram birthweight group do re- 
quire prolonged respiratory assistance. Only 15 
percent of the under 1000 gram survivors shown 
in table 6 did not require assisted ventilation. The 
average costs of these nonventilated extremely low 



Figure 1. ^Hospital Cost by Birthweight Group, 1984 




Hospitals 
1- i M^vyJi-id 

BSI San FrinCisco 

SOURCE Office of Technology Assessment (see table 4), 1987 



birthweight survivors are only a third of the 
$63,750 required to care for the infants on assisted 
ventilation. For all low birthweight babies, aver- 
age hospital costs increase almost fourfold, from 
$11,470 to $40,550, if assisted ventilation is re- 
quired. The use of assisted ventilation over 72 
hours explains between 20 and 36 percent of the 
variation in costs among infants who weigh less 
than 1500 grams (109). For the heavier low birth- 
weight babies, those in the 1500- to 2500-gram 
group, the most important explanatory factor is 
whether surgery is required. About 12 percent of 
the variation in costs among cases is explained by 
surgical intervention (109). 



Table 5.— Hospital Cost and Length of Stay Per Very Low Birthweight Survivor, 1984 

Maryland Level III San Francisco children's 
hospitals^ hospitals^ Level III hospitals^ 

Birthweight (grams) ALOS^ Mean $ ALOS^ Mean S ALOS^ Mean $ 

<750 97.9 $61,706 87.4 $67,892 108.5 $149,184 

751-1000 86.2 48,290 71.4 54,805 66.4 88.028 

100M500 48.5 21,848 47.3 32,168 44.8 56,276 

Total 61.5 31,426 56^3 40.514 55J 71,417 

^In Maryland s seven hospitals wi!h Levei lii NiCUs. includes ail newborns who fail mto ihe major diagnostic category iMOC* for neonates. MOC 15. excluding normal 
newborns 

^In a sample of 13 children's hospitals includes alt neonates admitted under age 28 days, except normal newborns 
^In two San Francisco hospitals with Level Ml NtCUs, includes all infants admitted to the NICUs 
^ALOS denotes averagb length of stay (days) 

SOURCES Information Service Center, Inc . Baltimore. MO. unpublished oata. prepared unoer contract with the Office of Technoiogj^ Assessment. Juljr 1986. National 
Association of Children s Hospitals and Related Institutions inc , Alexandria. VA. unpublished data. August 1988. ai,d C S Ph.bbs. University of California, 
San Oiego. unpublished data, March 1987 
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Table 6.~Hospital Cost and Length of Stay for Newborns" 
Requiring Assisted Ventilation, 1984 



Assisted ventilation^ No assisted ventilation 



Birthweight (grams) Mean $ ALOS^ Mean $ ALOS^ 

^1000 $63,753 79^2 $22,694 5oT~ 

100M500 40,055 53.9 17,732 352 

1501-2000 47,951 49.6 11 364 23 1 

2001-2500 23,233 23.2 8,709 13*0 

>2500 29,112 27.7 5,383 8.0 

Total < 1500 49,295 63 8 18,559 37 8 

Total < 2500 40,548 49.4 11,474 20.4 

Total all infants 35,322 39^5 6,555 10.4 



^Oata excludes normal newborns, infants transferred to another hospital wjlhin 4 days of birth, and all infants who died before 
discharge 

^Infants required mechanical ventilation for over 3 days 
^ALOS denotes average length of stay (days) 

SOURCE National Association of Children's Hospitals and Related Institutions. Inc , Alexandria, VA. unpublished data Ao 
gust 1986 



More of the increase in the costs of neonatal 
intensive care ov^r time is due to a sicker case mix 
than to the use of more services or general infla- 
tion. In comparing admissions to the NICU at the 
University of California, San Francisco between 
1976-78 and 1983-84, Phibbs and his colleagues 
found that mean charges increased from $6,230 
to $25,230. The cost to treat similar types of cases 
increased 30 percent, and this change was at- 
tributed to technology and higher prices. Infla- 
tion accounted for another 23 percent, and the 
remaining 47-percent increase in overall charges 
was attributed to a change in the kinds and sever- 
ity of cases (94). The caseload in this Level III 
nursery became much more concentrated with ex- 
tremely low birthweight infants and with infants 
who required complex surgery than in earlier 



years. The researchers hypothesized that the sicker 
case mix was caused by increased regionalization 
and greater availability of Level II beds (94). 

Other researchers in the same institution fol- 
lowed the hospital course of infants with respi- 
ratory distress syndrome as part of a larger study 
of costs and changes in clinical practice. They 
found that between 1972 and 1982 resource use 
increased more for infants with respiratory dis- 
tress syndrome than for any of the other nine diag- 
noses studied. They concluded that these new- 
borns received increasing quantities of services 
over the decade and that the most difficult costs 
to contain are those for such critically ill patients 
(154). 



Chapter 3 

Effectiveness of Neonatal Intensive Care 



INTRODUCTION 

The remarkable decline in infant and neonatal 
mortality in this country since 1960 is chronicled 
in the OTA assessment. Healthy Children: Invest- 
ing in the Future (170). Neonatal mortality rates 
(deaths during the first 28 days of life per 1000 
live births) are affected by both birthweight dis- 
tribution and birthweight-specific mortdity rates. 
Assuming that better neonatal and obstetrical care 
imply improved outcomes for infants at a given 
birthweight while shifts in birthweight distribu- 
tion toward heavier babies can be attributed to 
improved prenatal care and maternal health and 
nutrition, the concern in this case study is the 
direction of the birthweight-specific mortality 
rates. 

Improvements in the birthweight-specific mor- 
tality rates accounted for 91 percent of the over- 
all decline in neonatal mortality between 1960 and 
1980 (27). Moreover, two-thirds of the decline in 
birthweight-specific neonatal mortality resulted 
from improved survival of low birthweight in- 
fants. Decreases in the mortality rates of infants 
weighing between 1500 and 2500 grams contrib- 
uted more than any other weight group, includ- 
ing the very low birthweight group, because of 
both greater proportional decreases and higher 
absolute declines in mortality (184). In reviewing 
perinatal mortality rates by birthweight between 
1960 and 1977 in California, Williams and Chen 
concluded that much of the decline could be at- 



tributed to the advent of neonatal intensive care 
(as well as the increased rate of cesarean section) 
(184). 

The effectiveness of neonatal intensive care 
must be measured not only by whether more lives 
are being saved but also by whether the long-term 
health outcome for the babies and their families 
is good. The health status of survivors, specifi- 
cally the rate of serious disability or handicap, 
has been the subject of intense interest. For the 
larger low birthweight infants, those with birth- 
weights between 1500 and 2500 grams, neonatal 
intensive care has been accepted as a mature and 
effective technology (25,166). But because the risk 
of handicap increases with decreasing birthweight, 
debate continues about providing universal care 
for all very low birthweight infants (151,25). 

This chapter focuses on changes in mortality 
and morbidity over the past 25 years for such very 
low birthweight infants. Following discussions of 
mortality and handicap rates, the three leading 
causes of mortality and morbidity in the neonatal 
intensive care unit (NICU) are examined in detail: 
respiratory distress syndrome, intraventricular 
hemorrhage, and retinopathy of prematurity. 
These clinical problems not only account for the 
majority of deaths among very low birthweight 
infants, but they can also lead to substantial long- 
term disabilities. The outlook for technological 
advances in these areas is also discussed. 



MORTALITY RATES 

Birthweight-specific death rates on a national 
basis are nol available for trend analysis because 
not all States routinely link birth certificates 
(where birthweight is noted) with death certifi- 
cates. However, many individual Level III centers 
report their experiences in the medical literature. 
Because the mortality rates for infants born in the 
Level III hospitals are lower than the mortality 



rates for infants who do not have immediate access 
to care in the intensive care units (see ch. 5), these 
institutional reports may be the best mdicator of 
the impact of NICUs on mortality outcomes. 

There are problems, however, in comparing 
mortaluy results from one hospital to another be- 
cause of differences in the demographic charac- 
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teristics of the populations served, y\ the stand- 
ards of care, in the proportions of high-risk 
pregnancies, and in the selective application or 
withdrav\^al of intensive treatment measures (83). 
Displaying the data by birthweight group does not 
completely control for these differences. For ex- 
ample, the distribution of gestational age within 
a given birthweight group is probably the most 
important indicator of survival. Moreover, indi- 
vidual nurseries typically report on only small 
numbers of infants, and mortality rates may fluc- 
tuate from year to year. Bearing in mind these 
caveats, OTA reports and combines institutional 
data to permit generalization about mortality rates 
over time. 

Table 7 summarizes reports on mortality for 
very low birthweight infants born in Level III 
hospitals (inborn) during the past 10 years. Table 
8 is a similar compilation, but it lists studies that 
report on admissions to NICUs (inborns and 
transfers). The two kinds of denominator popu- 
lations are reported separately for several reasons. 
On the one hand, inborn populations would be 
expected to have higher mortality rates because 
of the high proportion of infants who die almost 
immediately in the delivery room and are never 
admitted to the NICU. On the other hand, while 
the infants admitted to the NICU have survived 
through the first critical minutes or hours of life, 
the infants bom in other hospitals (transfers) may 
be selectively sicker because of the period of time 
that they were denied intensive care before and 
during transport. A study in New York City on 
the effect of place of birth on mortality in fact sup- 
ports both these conclusions which are further dis- 
cussed in chapter 5 of this case study (119). In 
OTA's literature review, inborn populations had 
signiHcantly lower pooled mortality rates (for 
1980 to 1085) than NICU populations in the 750- 
to 1000-gram and the 1001- to 1500-gram birth- 
weight groups. The differences between the two 
kinds of nursery populations were not statistically 
significant in the smallest babies born weighing 
under 750 grams. 

With one exception, there has been steady and 
statistically significant improvement in mortality 
rates among very low birthweight infants through- 
out the last 10 years. In 1985, a baby born with 
a birthweight between iOOl and 1500 grams has 



a 90 percent chance of surviving. The most sub- 
stantial improvement of the 1980s over the late 
1970s, in neonatal mortality rates is in the 751- 
to 1000-gram birthweight group where today s in- 
fants have about a 70 percent chance of surviv- 
ing if they are admitted to an NICU. 

The exception to the mortality decline over the 
past decade is among the tiniest inborn babies, 
those in the under 750 gram group, where some 
extremely promising, but mostly variable, results 
are reported on babies bom in the 1980s. ^ For this 
birthweight group, Columbia University reports 
only 28 percent of their inbom infants died in 1986 
and the University of Missouri-Kansas City 
School of Medicine shows only a 53 percent neo- 
natal mortality rate in 1983 and 1984 (46,80). 
However, other institutions which report their ex- 
periences in the 1980s show much worse mortal- 
ity rates. The 1980-85 pooled results for both 
denominator populations show that about two- 
thirds of this birthweight group dies. Such wide 
variation among centers may mean that the tech- 
nology of neonatal intensive care is continuing to 
change rapidly. 

Table 9 shows the great progress that medicine 
has made over the past several decades in reduc- 
ing birthweight-specific mortality rates among 
very low birthweight infants.^ The pooled institu- 
tional results on mortality from 1961 through 1975 
are taken from an earlier OTA literature review 
(25). Mortality for infants with birthweights of 
1001 to 1500 grams has fallen from more than 50 
percent in 1961 to only 10 percent today. And 
whereas more than 90 percent of all infants weigh- 
ing under 1000 grams died in 1961, the inbom ne- 



tven for this birthweight subgroup (under 750 grams), llie pooled 
mortahty rates calculated for NICU popuialions decreased signifi- 
cantly from 1975-80 to 1980-85. 

Ml should be noted that improvements in the birthweight-specific 
mortality rates may also be attributable to factors other than solely 
neonatal intensive care. For example, healthier cohorts of low b. ih- 
weighl infanis may be delivered througti selective abortion, better 
obstetrical techniques, improved maternal care and nutrition, and 
so forth (18) It IS not possible to sort through each factor's relative 
contribution, but clearly neonatal intensive care is very important. 
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Table 7.— Comparative Neonatal Mortality for Very Low Birthweight Infants Born In Level III Hospitals, 1975-85 



Birthweight (grams) 



501-750^ 

Referenc e*^ Year of birth Deaths/births Percent 

Knobloch(83) 1975-79 — — 

KoopS (85) 1974-80 60/82 73 7o 

Phibbs (129)^ 1976-78 — — 

Kitchen (82)<^ 1977-78 47/62^ 76% 

Nelson (113) 1977-78 — — 

Buckwald (24)^ 1977-81 50/90^ 56% 

Hoskins(71) 1979-80 20/39 51% 

Pooled subtotal 1975-80 177/273 65% 

Brans (?2) 1978-82 68/77 88% 

Avery (6)^ 1983 31/50^ 62% 

Kilbride (80) 1983-84 46/87^ 53% 

Horbar (69)® 1983-84 — — 

Hack(61)<^ 1982-85 57/77 74% 

Driscoll (46)<^ 1986 5/18^ 28% 

Pooled subtotal . 1980-85 207/309 67% 

^SOme studies reported births er^. it categorres as 500 to 749 750 to 999 and 1000 to 1499 
"See references in the back of this case study for full citations 
^Deaths reported to hospital discharge 

"Includes birthweight categories 501 to 800 g and 801 to 1000 g 
^Report on multiple neonatal intensive ca^e centers 

SOURCE Office of Technology Assessment i987 



751-1000^ 



^1000 



1001-1500^ 



Deaths/births Percent 



Deaths/births Percent 



Oeaths/births Percent 



50/74 
49/108 

30/Co^ 



14/67 

143/314 

49/105 
7/46^ 

88/357^ 
24/73 
2/21^ 

170/602 



68% 
45% 

46% 



21% 

46% 

48% 
15% 

25% 
33% 
10% 

28% 



109/190 
18/35 
77/127 

2;?0/360 

34/106 

458/818 

117/182 
38/96 



81/150 
7/39 

243/467 



57% 
51% 
61% 
61% 

32% 

56% 

64% 
40% 



54% 
18% 

52% 



61/211 
58/348 
10/82 
33/250 
122/720 



284/1,611 

41/236 
13/109 

101/1,243 
30/216 
1/75 

186/1,879 



29% 
17% 
12% 
13% 
17% 



18% 

17% 
12% 

8% 
14% 
1% 

10% 
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Table 8.— Comparative Neonatal Mortality in Neonatal Intensive Care Units for Very Low BIrthweight Infants, 1975-85 



Birthweight (grams) 
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58/342 


17% 
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197R.ftn 
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DO /O 


11 '1R'5 
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70 OA 


124/350 


35% 


Sell (146)^ 


1978 


44Q/*;fi7 


79% 




uu /o 


Oo^/ 1 ,OOU 


/O 






Bennett (13) 


1977-80 


76/95^ 


80% 












z 


Cohen (32,33) 


1977-80 


39/54 


72% 


33/118 


28% 


72/172 


42% 






Orglll/Yu (1 18,188) 


1977-80 


15/26 


58% 


32/81 


40% 


47/107 


44% 


41/280 


15% 


Walker (180) 


1977-81 


112/132^ 


85% 


57/115® 


50% 


169/247 


68% 






Vohr (176)<^ 


1978-80 














39/287 


14% 


Stahlman (159) 


. . 1977-81 


90/1 33^ 


68% 


70/187® 


37% 


160/320 


50% 






Pooled subtotal 


1975-80 


1,021/1,313 


78% 


789/1,676 


47% 


1,627/2,744 


59% 


334/1,666 


20% 


Levi (92) 


1978-81 


59/71^ 


83% 














Stewart (161) 


1979-84 


37/59 


63% 


41/136 


30% 


78/195 


40% 


37/277 


13% 


Sell (146)** 


1983 


511/800 


64% 


368/1,085 


34% 


879/1,885 


47% 






Sandhu (141) 


1983 


15/20® 


75% 


14/38® 


37% 


29/58 


50% 






Phibbs {^2Sf 


1983-84 


14/22 


64% 


6/36 


17% 


20/58 


34% 


12/86 


14% 


Davidson {3Qf 


1983-84 


33/44 


75% 


25/61 


41% 


58/105 


55% 


19/147 


13% 


Kraybill(G6)^^ 


1984 


109/149 


73% 


78/237 


33% 


187/386 


48% 


72/613 


12% 


Nichols (115)^ 


1985 


21/32^ 


66% 


5/9® 


5e% 


26/41 


63% 






Pooled subtotal 


1980-85 


799/1,197 


67% 


537/1,602 


34% 


1,277/2,728 


47% 


140/1,1^:3 


12% 



JSomo studios reported birthweight categories as 500 to 749, 750 to 999, and 1000 to 1499 g 
"See references m the back of this case study for full citations 
^Deaths reported to hospital discharge 
^Report on multiple neonatal intensive care centers 
^Includes birthweight categories 501 to 800 g and 801 to 1000 g 



SOURCE: Office of Technology Assessment. 1987 
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Table 9.— Inborn Neonatal Mortality Rates for Very Low Birthweight Infants, 

Pooled Institutional Data 



Birthweight (grams) 

<1000 1001-1500 



Year of birth Deaths/births Rate^ Deaths/births Rate^ 

1961-65 185/197 939 142/274 518 

1966-70 381/443 860^ 212/567 374^ 

1971-75 209/274 763^ 54/253 213^ 

1976-80 458/818 560^ 284/1,611 176 

1981-85 243/467 520 186/1,879 99^ 



^Rale « dealhs/1,000 hve births 

^Signihcantly different from preceding 5 year rate (p <0 01) 

SOURCES For years 1976 85, Office of Technology Assessment (see table 7) For years 1961-75, P Budetti, P McManus, N 
Barrand. et al , The Costs and Effectiveness of Neonatal Intensive Care (Health Technology Case Study kIO), pre 
pared for the Office of T*' hnology Assessment, U S Congress. OTA BP H 9 (Springfield, VA National Technical 
Infornfiation Services, August i98l) 



onatal mortality rate now is about 52 percent.^ 
This achievement reflects improvements primar- 

^The Irue neonalal mortality rale today for newborns weighing 
under 1000 grams who have access to neonatal m tensive care is prob- 
ably closer to 47 percent, the rate shown in table 8 for NICU popu- 
lations OTA used the 52 percent rate (from table 7 for inborn pop- 
ulations with birthweights under 1000 grams) in table 9 to be 
consistent across lime and denominator populations. Several of the 
studies in table 7 shewing the best survival rates for inborn popu- 
lations did not report on ail infants with birthweights between 500 
and 1000 grams. The results of these studies could not be included 
in the pooled total ^or infants with birthweights under 1000 grams, 
and thus the 52 percent rate probaoly overestimates mortality 



ily in the 750- to 1000-gram birthweight group 
since mortality is still very high in the smallest 
and most premature infants, those under 750 
grams. Neonatologists are justifiably proud of 
breaking the 1000 gram barrier, and they look 
now to infants weighing under 800 grams as their 
great challenge. 



HANDICAP iRATES 

When neonatal intensive care was introduced, 
concern was expressed that many sick and prema- 
ture infants, who otherwise would have died, 
would be saved and result in a large number of 
handicapped children. Early, well-publicized 
studies of very low birthweight babies bom in the 
1940s and early 1950s, long before the era of neo- 
natal intensive care, fueled this concern because 
they showed very high rates (30 to 40 percent) 
of cerebral palsy and other forms of impairment 
in survivors (45,95). Two groups, Budetti and his 
colleagues in their earlier OTA assessment of neo- 
natal intensive care and a team of British research- 
ers, independently attempted to resolve this ques- 
tion by reviewing published reports from hospital 
nurseries that described outcomes for very low 
birthweight infants who were born after 1945. 
Both review articles lound that the handicap rate 
from the very early period dropped sharply by 



the mid-1960s (possibly before neonatal intensive 
care was widely introduced). Furthermore, from 
the mid-1960s through about 1977, the propor- 
tion of very low birthweight surviv rs with seri- 
ous handicaps remained stable ^nd relatively low 
(about 14 percent of survivors or from 6 to 8 per- 
cent of live births) (25,162). 

These reviews were reassuring in that the in- 
troduction of neonata! intensive care apparently 
had not increased the proportion of survivors who 
are seriously handicapped. However, the two re- 
views covered mortality outcomes only for infants 
born before 1977. At that time, no published daia 
were available on outcomes for infants with birth- 
weights below 800 grams, perhaps because so few 
such infants survived. Moreover, mortality rates 
have continued to drop significantly over the last 
10 years for all birthweight groups under 1500 
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grams, and the possibility exists that infants, who 
previously would have succumbed because of 
their pioblems, are now rescued through new 
technology and contribute to the incidence of sur- 
vivors with neurological damage. To determine 
whether handicap rates have changed during the 
late 1970s and the 1980s, OTA reviewed the liter- 
ature for reports on morbidity outcomes for in- 
fants bom between 1975 and 1985. The results are 
shown in tables 10 through 12 by birthweight 
group. 

Like birth *veight-specific mortality data, 
birthweight-specific morbidity data are not col- 
lected on a routine basis in the United States. Thus 
reports from individual nurseries are the only 
available data source that reflects the long-term 
morbidity of very low birthweight infants. All of 
the shortcomings discussed previous!/ for the in- 
stitutional data on mortality hold as well in using 
and pooling morbidity data from individual nurs- 
eries. Differences in the character and experien'res 
of the study populations yield different results. 
Moreover, comparisons of morbidity are further 
complicated by the different ways in which out- 
come is measured and reported. There are differ- 
ences in the definitions of abnormalities, in the 
details with which diagnostic categories are speci- 
fied, in the ages at which followup examinations 
are done, and in the measures used in the neuro- 
developmental evaluations (78,83). 

The interrelationship of mortality and morbid- 
ity is especially difficult to interpret. It is likely 
that neonatologists' attitudes and decisions con- 
cerning termination of life support for very low^ 
birthweight infants who manifest severe neuro- 
logical dysfunction are a major factor in deter- 
mining the rate of serious morbidity among sur- 
vivors. Thus, a comparatively high neonatal 
iportality rate might be expected to be associated 
with a relativrly low rate of handicap. Although 
several reports on the under 800-gram population 
fit this hypothesis Q3, 60,61), just as many studies 
reported relatively high survival and low handi- 
cap rates (68,79,80,161). Overall OTA found no 
consistent relationship between mortality and the 
rate of serious morbidity in its literature review. 

Determinations of long-term morbidity and dis- 
ability cannot be made at hospital discharge. The 



extent to which researchers were able to follow 
NICU survivors through the first few years of life 
and classify their disabilities varied from study 
to study. In general, followup rates were highest 
in the studies reporting on the smallest birthweight 
infants. This is because the tiniest babies are less 
numerous and tend to have problems that encour- 
age their families to seek ongoing medical care. 
Conversely, a larger percentage of the NICU sur- 
vivors with birthweights between 1000 and 1500 
grams were lost to followup, but many of these 
infants are normal. In all three birthweight groups 
examined by OTA, a substantial portion of the 
infants lost to followup died during the post- 
neonatal period. Although many of the deaths 
were directly related to complications of prematu- 
rity and intensive care treatment, sudden infant 
death syndrome (SIDS) was also a major cause 
of death after hospital discharge. The high post- 
neonatal mortality rate experienced by very low 
birthweight infants, perhaps 10 to 15 times that 
found among normal birthweight infants, is not 
well understood by medical researchers (170,188). 

OTA adopted the definitions of handicap used 
by the reviewers in the earlier OTA assessment 
in order to categorize disparate reports. "Serious 
handicaps" are defined as: severe mental retarda- 
tion (IQ or developmental quotient below 70); ce- 
rebral palsy of significant degree (spastic diple- 
gia, paraplegia, tetraplegia, hemiplegia); major 
seizure disorders; blindness; and severe hearing 
defects (25). "Moderate handicaps ' are narrowly 
defined to include all infants with a developmen- 
tal quotient or IQ between 70 and 80. No attempt 
was made in this review to capture the "mild" im- 
pairments that many very low birthweight infants 
develop later in early childhood or even at school 
age because most published reports follow NICU 
survivors only to 2 or 3 years of age (68). It should 
be noted that there is a higher incidence of such 
relatively miid handicaps, which include be- 
havioral, learning, and language disorders, in very 
low birthweight infants than in normal birth- 
weight children (116). 

The incidence of serious handicap increases sig- 
nificantly with decreasing birthweight (tables 10 
to 12). For infants born between 1975 and 1985, 
OTA found that 26 percent of surviving infants 
with birthweights below 800 grams, 17 percent 



Table iO.--Handicap Rates in infants With Birthweights Under 800 Grams, 1975*85 



Survivors followed after hospital discharge 



Infants surviving to Children with Children with serious 

hospital discharge Total serious handicaps ^ or moderate handicaps^ 



Reference^ 


Year of turth 


Number 


Percent 


Number 


Percent^ 


Number 


Percent® 


Number 


Percent® 


Saiga! (139)- 


1973-78 


59 


(10%) 


4 


(80%) 


1 


(25%) 


2 


(50%) 


Britten (23) 

Hfrata (68)' 


1974-77 


39 


(25%) 


37 


(95%) 


8 


(22%) 


18 


(49%) 


1975-77 


24 


(40%) 


18 


(75%) 


3 


(17%) 


6 


(33%) 


Marlow (99)' 


1976-80 


3 


(7%) 


3 


(100%) 


1 


(33%) 


NA 




Bennett (13) 


197780 


19 


(20%) 


16 


(84%) 


2 


(13%) 


4 


(25%) 
(33%) 


Cohen (32)' 


1977-80 


12 


(28%) 


9 


(75%) 


3 


(33%) 


3 


Saigal(i40) 

OrglH (118)* 


1977-80 


410 


(29%) 


38 


(93%) 


13 


(34%) 


20 


(53%) 


1977-80 


11 


(42%) 


11 


(100%) 


3 


(27%) 


3 


(27%) 


Walker (180) 


1977-81 


20 


(15%) 


20 


(100%) 


6 


(30%) 


8 


(40%) 


Buckwald (24) 


1977-81 


65 


(45%) 


54 


(83%) 


19 


(35%) 


31 


(57%) 


Kraybill (87) 


1980 


4 


(24%) 


4 


(100%) 


1 


(25%) 


1 


(25%) 


Levi (92) 


1978-81 


12 


(17%) 


10 


(83%) 


2 


(20%) 


2 


(20%) 


Stewart (I6l/ 

Hack (60.61)* 


19; 9-83 


16^ 


(27%) 


12 


(75%) 


2 


(17%) 


NA 




1982-85 


20 


(26%) 


18 


(90%) 


2 


(11%) 


4 


(22%) 
(50%) 


Pollara(132)' 


1983-84 


3 


(8%) 


2 


(67%) 


1 


(50%) 


1 


Kilbride (79,80) 


1983-84 


41 


(47%) 


34 


(83%) 


8 


(24%) 


11 


(32%) 


Pooled total 


1975-85 






290 




75 


(26%) 


114 


(41%)' 



^Serious handicaps are defined as the following severe mental retardatton {\Q or developme itai quotient below 70), cerebral palsy ol significant degree, major seizure aisorders. or blindness 

Serious or moderate handicaps includes ail those handicaps defined above as serious plus a de/elopm^^'^-al quotient or 10 between 70 and 80 

^See references In the back of this case study for full citations 

^Of those infants surviving to hospital discharge 

^Of survivors followed after hospital discharge 

'Includes infants with birthweights between 500 dod 750 grams 

OSurvlvai calculated on regionr' population of births 

^Survived to end of first year 

'Denominator population is 27t infants 

SOL'RCE Office of Technology Assessment, 1987 
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Tau'e ll—Handicap Rates in Infants With BIrthweights Between 750 and 1000 Grams, 1975-85 



Survivors followed after hospital discharge 

Infants surviving to Children with Children with serious 

hospital discharge Total serious handicaps^ or moderate handicaps^ 

Reference*^ Year of birth Number Percent Number Percent^ Number Perce nt^ Number Percent 

Saigal(139) 1973-78 32' (49%) 31 (97%) 4 (13%) 10 f32%r 

Knobloch (83) 1975 78 - _ 9 ^ 1 ' 5 6 

MarlOw(99) 1976-80 43 (37%) 40 (93%) 10 25% NA - 

OrgiM(118) 1977-80 48 (59%) 48 (100%) 7 (15%) 10 f2l%^ 

Cohen (32) 1977^80 84 72% 72 (86% 4 (6% 18 (S^S 

Saigal(140)fl 1977-80 76' (67% 72 95% 13 (18% 35 490/0 

Walker (W 1977-81 58 (50% 48 (83% 5 0% 10 21% 

«^ayW||(87)« 1980 26^ (67%) 25 96% 3 2°/ 7 

Stewart (161) 1979-83 73»» (54%) 54 74% 7 (13% NA - 

Pollara(132) 1983-84 44 (69%) 35 (80%) 17 (49%) NA - 

PQQ^^^Q^^^ 1975-84 434 75 (17%) 96 (31%)' 

bl!^nu^l;rmirtt^^^^^^ TJ^'^'TZ^ severe mental relardal. on (10 or developmental quot-ent below 70). cerebra* palsy of significant degree. ma)or se.zure disorderc, or blindness 

serious or moderate handicaps includes an those handrcaps defined above as serious plus a developmental quotient or 10 between 70 and 80 
"See references in the back of this case study for full citatior^s 
°0f those infants surviving to hospital discharge 
®0f survivors followed & .er hospital discharge 
^Survival calculated on regional population of births 
Oincludes Infants with birthwelghts between 500 and 800 grams 
"Survived to end of first year 
'Denominator population is 305 infants 
SOURCE Office of Technology Assessment, 1987 
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Table 12.— Handicap Rates in infants VJIth Birthweights Between 1000 and 1500 Grams, 1975-85 



Survivors followed after hospital discharge 



Infants surviving to Children with Children with serious 

hospital discharge Total serious handicaps^ or moderate handicaps^ 



Reference*^ 


Year of birth 


Number 


Percent 


Number 


Percent'^ 


Number 


Percent® 


Number 


Percent® 


Hack (62) 


197576 


153 


(76%) 


128 


(84%) 


20 


(16%) 


NA 




Saigal (139) 


. . . 1973-78 


147^ 


(83%) 


131 


(89%) 


6 


(5%) 


26 


(20%) 


Knob'och(83) 


1975-78 






79 




15 


(19%) 


28 


(35%) 


onennan (152) 


1976-77 


34 


(81%) 


26 


(76%) 


NA 




3 


(12%) 


Marlow (99) 


1976-80 


226 


(65%) 


210 


(93%) 


27 


(13%) 


NA 




Powell (133) 


1979-81 


285* 


(73%) 


276 


(97%) 


NA 




31 


(11%) 


Stewart (161) 


1979-83 


2279 


(82%) 


168 


(74%) 


9 


(5%) 


NA 




Crombie (36) 


. .. 1979-83 


103 


(82%) 


77 


(71%) 


3 


(4%) 


5 


(6%) 


Pollara (132) 


1983-84 


165 


(85%) 


120 


(73%) 


20 


(17%) 


NA 




Pooled total 


1975-85 






1,215 




100 


(11%)*^ 


93 


(16%)' 



^'SenOus handicaps are oeftned as the following severe mentat retardation tlQ or ocveiopme>«tai quottent uetow 70;. cerebra: PaiSy of Stgriitii.ani degree. fr«a;Oi seizure diSoraers or blindness 

^'Serious or moderate handicaps includes all those handicaps deimed above as serious mus a developmentai quotient or 10 Oet^een 70 and 80 

^See references in the back of this ''ase study for full citations 

^Of those infants survrving to hospital discharge 

®0f survivors followed after hospitai d<scharge 

■S'jrvivaJ calculated on regional population of births 

OSurvived to end of first year 

^Denominator population is 9l3 infants 

^Denominator population is 589 infants 

SOURCE Office of Technology Assessment, 1987 
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of survivors with birthweights between 750 and 
1000 grams, and 11 percent of survivors with 
birthweights between 1000 and 1500 grams have 
major disabilities at 1 or 2 years of age. Of the 
surviving infants with birthweights under 800 
grams, 41 percent have either a moderate or se- 
vere handicap, while only 16 percent of the sur- 
vivors with birthweights between 1000 and 1500 
grams are so handicapped. 

These results corroborate the conclusions of 
Budetti and his coworkers (25). Within each birth- 
weight group, the proportion of survivors with 
serious handicaps has not changed significantly 
since the mid-1960s. The earlier review did not 
report on infants with birthweights under 800 
grams, so comparisons over time can*iot be made 
for this birthweight group. The group of infants 
that was labe'ed in the earlier review as weigh- 
ing less than 1000 grams almost exclusively in- 
cluded infants with birthweights between 750 and 
1000 grams; the pooled rate of serious handicap 
for this birthweight category has not changed sig- 
nificantly from 1965-75 to 1975-85 (16 to 17 per- 
cent). Today, however, many more infants with 
birthweights below 800 grams are living and con- 
tributing both relatively more normal and hand- 
icapped children to the pool of survivors with 
birthweights under 1000 grams. 

The conclusion that, within birthweight group, 
the rate of serious handicap among survivors has 
not changed significantly over time masks the con- 
tribution that neonatal intensive care probably has 
made to improved morbidity, as well as improved 
mortality, outcomes. Since many very sick ba- 
bies who previously would have died are now sur- 
viving, increasing handicap levels among sur- 
vivon; should be expected. The finding of constant 
levels of handicap therefore points to the increas- 
mg effectiveness of neonatal intensive care for 
the long-term developmental outcomes for these 
children. 

Figures 2 and 3 demonstrate graphically the ef- 
fects of declining mortality on the relative propor- 
tions of normal and abnormal survivors.'* The 

♦Figures 2 and 3 reflect mortality and morbidity outcomes fo/ very 
low birthweight infants who are bom in Level III hospitals and have 
access to neonatal intensive care Neonatal mortality rates for the 
general population of very \o\\ birthweight infants are significantly 
higher, and morbidity outcomes are unknown. Postneonat,il mor- 
tality is not reflected in the figures, although such deaths probably 
have a substantial impact on overall outcome lales. 



Figure Z—Oulcomes for Very Low Birthweight Infants 
(<1500 grams) Bom in Level III Hospitals, 1960-85 
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SOURCES For years 1980-85. Office of Technology Assessment (see tables 7. 

10, 11, and 12) For years 1960 and 197175. P Budetti. P. McManus. 
N Barrand. et a! . The Costs and Effectiveness of Neonatal intensive 
Care (Health Technology Case Sludy #10). preoared for the Office of 
Technology Assessmenl. U S. Congress. PB 82-101 411 (Spnngfiefd. 
VA National Technical Information Service, August l98l) 



absolute numbers of both normal and seriously 
handicapped children increase. Infants with birth- 
weights between 1000 and 1500 grams make up 
about 54 percent of all very low-weight births in 
the United States each year. Because of their rela- 
tive numerical strength, the comparatively lower 
handicap rates of this "larger" mfant group mod- 
erate the overall rates of disability among all very 
low birthvv'eight infants. For example, with birth 
rates at the 1984 level, if today's neonatal inten- 
sive care was provided for all very low birth- 
weight infants, about 2,200 seriously handicapped 
children would survive who would have died in 
1975. This figure must be balanced against the 
15,200 net increase in normal infants who would 
also survive under current conditions. The over- 
whelming majority of survivors in both the un- 
der 1500-gram and the under 1000-gram birth- 
weight groups are normal. 
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Figure 3.— Outcomes for Extremely Low Birthweight 
Infants (<1000 grams) Bom in Level III 
Hospitals, 1960-85 
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SOURCES For years 19S(>S5. Ofhce of Technology Assessmen; (see tables 7 
10,11 and 12) For years 1960 and 197175. P Budetti.P McManus. 
N Barrand. el al . The Costs and Effecuveness of Neonatal intensive 
Care (Health Technology Case Study »10). prepared for the Office of 
Technology Assessment, U S Congress. PB 82 101 411 (Springfield 
VA National Technical Information Service August i98l) 



NEONATAL CONDITIONS THAT CAUSE MAJOR 
MORTALITY AND MORBIDITY 



Deaths among very low birthweight infants in 
intensive care are caused primarily by two con- 
ditions, respiratory distress syndrome and in- 
traventricular hemorrhage. These conditions, 
along with retinopathy of prematurity, are also 
responsible for most of the long-term disabilities 
that plague NICU survivors. The sophisticated 
technology used in neonatal intensive care saves 
lives but also can exacerbate or even, in some 
cases, precipitate these problems. The ctpplication 
or withholding of such technologies presents an 
ongoing ethical dilemma for neonatologists. 



Respiratory Distress Syndrome 

Respiratory distress syndrome (RDS) is the 
most common problem in the neonatal nursery 
and the primary cause of mortality. It accounted 
for 18 percent of all neonata) deaths in 1978 (122). 
For babies weighing under 1000 grams, over 60 
percent of the deaths have been attributed to RDS 
or to intraventricular hemorrhage, and for babies 
in the 1000- to 1500-gram category, 25 percent 
of the deaths are blamed on these causes (11). 
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Photo credit Strong Memorial Hospital, Rochester, NY 



Premature infants with severe respiratory distress 
syndrome usually require assisted ventilation. 

Very premature infants experience respiratory 
distress '^ecause they lack an essential substance 
in the lung (or pulmonary surfactant) that reduces 
the surface tension along the alveoli and prevents 
the collapse of the pulmonary air spaces. The im- 
mense strain of having to force the alveoli open 
with each breath muKes it increasingly difficult 
for these tiny babies to breathe independently. 
The pulmonary surfactant does not begin to coat 
the fetus's alveoli until between the 24th and 28th 
weeks of gestation, and it is not produced in ma- 
jor amounts until the 33rd week. 

RDS occurs in 14 to 60 percent of premature 
deliveries at gestational ages between 28 and 35 
weeks (174). Individual clinical centers report an 
even higher incidence of RDS among the ex- 
tremely low birthweight babies. Kitchen and his 
associates reported an overall RDS incidence of 
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55 percent among the under 1500-gram popula- 
tion (82). In the under 1000-gram group, Vohr and 
Hack found that 82 percent and Saigal and col- 
leagues found that 74 percent of neonatal sur- 
vivors had RDS (140,176). 

Infants with RDS stay in the hospital on aver- 
age twice as long as those without RDS (174). In 
1984 at the University of California at San Fran- 
cisco perinatal center, babies with RDS stayed in 
the NICU almost four times longer than babies 
without RDS and had hospital costs more than 
three times higher (126). 

RDS may take mild, moderate, or severe form. 
Its clinical course is marked by increasing oxy- 
gen need and often by the need for assisted me- 
chanical ventilation (breathing machines) to main- 
tain adequate oxygenation and to remove carbon 
dioxide. The primary problem for RDS babies is 
the collapse of the alveoli which makes the work 
of breathing increase to physiologically intolera- 
ble levels. Two respiratory therapy techniques, 
developed over the past 15 years, prevent alveo- 
lar collapse by keeping up positive pressure on 
the lungs between breaths. Continuous positive 
airway pressure (CPAP) is used by itself to fa- 
cilitate breathing, and positive end expiratory 
pressure (PEEP) is used in conjunction with posi- 
tive-pressure ventilation. These innovations in res- 
piratory therapies, as well as improvements in 
ventilatory techniques such as the now wide- 
spread use of continuous flow pressure regulated 
ventilators, have contributed to diminished sever- 
ity of RDS (167). Deaths associated with RDS 
have been decreasing since 1974, though it re- 
mains the leading cause of neonatal death (122). 

Bronchopulmonary Dysplasia 

Mechanical ventilat'on is essential for the sur- 
vival of babies with severe RDS, but it disrupts 
the babies' normal cardiopulmonary physiology. 
Its prolonged use leads to a chronic lung disease 
called bronchopulmonary dysplasia (BPD). (Other 
conditions besides RDS can lead to ventilation of 
newborns and thus to BPD; these include pneu- 
monia, meconium aspiration, patent ductus arteri- 
osus, and apnea of prematurity (52).) BPD was 
first recognized and described in the 1960s (168). 
By definition, all infants who require mechani- 
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cal ventilation during the first v;eek of life, who 
remain dependent on supplemental oxygen for 
more than 28 days, and who have a characteris- 
tic chest radiograph have BPD (52). 

BPD has become one of the most common se- 
quelae of neonatal intensive care. *l recent review 
article concluded that one-third of infants given 
mechanical ventilation and weighing less than 
1500 grams at birth develop chronic lung disease 
(167). Two multicenter studies of 700- to 1500- 
gram babies in 1983 and 1984 also reported that 
overall about one-third of the survivors had 
chronic lung disease (8,10,69). These studies found 
that female and black babies had significantly 
lower rates of chronic lung disease than their male 
and white counterparts in similar birthweight 
groups (10,69). Birthweight was the most signifi- 
cant predictor of lung damage. While only 19 per- 
cent of survivors with birthweights between 1000 
and 1500 grams had chronic lung disease, 51 per- 
cent of survivors with birthweights between 700 
to 1000 grams had BPD (69). 

Reports from individual clinical centers conflict 
on the incidence of BPD among extremely small 
infants. Among the tiniest babies (under 800 
grams), Buckwald and associates found that 75 
percent of the survivors were still on a ventilator 
at 1 month, and Hack and Fanaroff reported that 
70 perceM of the survivors in their hospital de- 
veloped BPD (24,61). On the other hand, Ben- 
nett and colleagues, also reporting on babies with 
birthweights under 800 grams, found only a quar- 
ter of the survivors developed BPD (13). Simi- 
larly, three reports on infants weighing less than 
1000 grams found 62, 30, and 13 percent, respec- 
tively, of survivors developed BPD (140,48,71). 

Significant mortality and long-^^»rm morbidity 
are associated with BPD during the postneonatal 
period (36). Like RDS, bronchopulmonary dys- 
plasia can take mild, moderate, or severe forms. 
About 1 out of 40 infants discharged from the hos- 
pital with BPD is so severely affected that respi- 
ratory support continues to be required at home 
(41,l*i7). Rehospitalizations and chronic respira- 
tory problems are associated with BPD patients. 
Even after controlling for other risk factors like 
intraventricular hemorrhage, prolonged mechan- 
ical ventilation has been found to be associated 



with poor developmental progress during the first 
18 months of life in very low birthweight infants 
(21). When low birthweight infants with BPD 
were compared to a control group without the dis- 
ease, the BPD infants had more respiratory dis- 
eases at 4 and 12 months and more severe neuro- 
developmental sequelae at 2 years (177), Another 
study that followed BPD patients prospectively 
for 2 years post- term found that 85 percent of the 
children had lower respiratory tract infections and 
50 percent of the infants required rehospitaliza- 
tion during their first year (98). Finally, a recent 
study of infants with BPD who v — ^ bom between 
1981 and 1983 confirmed the increased incidence 
of hospitalization and respiratory problems dur- 
ing the first year of life, but found that, for sur- 
vivors, differences with the control group in neu- 
rodevelopment evident at 1 year had disappeared 
by 2 years of age (136). 

Medical Practices 

The detrimental effects of positive pressure ven- 
tilation have been known since 1965 (28). There 
is now some evidence that the way in which ven- 
tilatory support is medically managed may be as- 
sociated with outcome. When Avery and her col- 
leagues surveyed eight tertiary clinical care centers 
in 1983 and 1984 for their experience with BPD 
in infants weighing 700 to 1500 grams, they found 
that some institutions did significantly better than 
others (10). Even after adjustments were made for 
weight distribution, sex, and race (but not for 
gestational age), differences among centers per- 
sisted. Among those centers studied, the intensive 
care unit at Columbia University had the best out- 
comes. At Columbia, the policies for respiratory 
management are dictated by a single physician, 
and the policies are followed at all times and for 
all babies. Instead of resorting to mechanical ven- 
tilation immediately, nasal CPAP is used to treat 
RDS early in the course of the disease and dur- 
ing the weaning from assisted ventilation. At- 
tempts are made to minimize physical trauma; en- 
dotracheal tubes are used infrequently and for 
only short periods of time and muscle relaxants 
are never employed. 

Medical practices and the use of technology 
vary widely among perinatal centers, and there 
are no clearly accepted norms for practice. Fur- 
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Coordinated management In the NICU and use of 
nonintruslve therapies have been suggested as major 
factors leading to improved outcomes for very low 
birthweight infants. 

ther systematic research is needed so that relia- 
ble comparisons among centers can be made and 
epidemiological methods used to evaluate ventila- 
tory techniques (167). 

Technological Advances 

Improvements in existing ventilatory techniques 
may hold promise for reducing the incidence of 
BPD in the future. In recent years, for example, 
there has been considerable research on several 
ventilatory techniques, known collectively as 
high-frequency ventilation (HFV), that use rapid 
ventilatory rates that may interfere less with nor- 
mal cardiopulmonary physiology. Thus far, how- 
ever, HFV has not been proven superior to con- 
ventional ventilation for treating neonates in 
respiratory failure (20). 

Another new technology is extracorporeal 
membrane oxygenation (ECMO) which entirely 
bypasses the lungs using a process that closely 
duplicates the gas exchc ige function performed 
in utero by the placenta. ECMO can be used for 
as long as 2 weeks, allowing time for lung recov- 
ery by minimizing the harmful influences associ- 
ated with high-pressure mechanical ventilation. 
ECMO has been used on more than 300 infants 
in 18 centers since 1975, but with very poor out- 
comes for premature, small infants. The incidence 
of intracranial hemorrhage is exceedingly high in 
these infants, and the bleeding may be aggravated 



by the heparin administered during ECMO. Un- 
less further research can make ECMO available 
for infants who weigh less than 2000 grams, only 
small numbers of patients are likely to be treated 
by this technology. ECMO is currently indicated 
and may be lifesaving for term infants with meco- 
nium aspiration syndrome, persistent pulmonary 
hypertension, or diaphragmatic hernia (189). 

The better solution for the problems posed by 
mechanical ventilation is to avoid the need for its 
use altogether. Two technologies are under devel- 
opment and testing that could substantially pre- 
vent RDS in the future. The first is the prenatal 
administration of glucocorticoids (steroids) to 
mothers in preterm labor in order to accelerate 
fetal lung maturation. The other technology, 
still experimental, is the introduction of exoge- 
nous pulmonary surfactant into the lungs of the 
newborn. 

Steroid treatment of women in preterm labor 
has been used and studied for 16 years (7)., Al- 
though all the studies support the efficacy of the 
steroids in reducing the incidence of RDS in the 
babies subsequently bom, concerns remain about 
indications for use in specific situations, the in- 
fluence of the steroids on infection during labor, 
and the effect of the steroids on the long-term de- 
velopment of the babies (43). Because of these 
concerns (particularly for patients with premature 
rupture of the membranes), some obstetricians use 
the steroids either selectively or not at all (29). 

A multicenter, 7-year collaborativ^e study on 
antenatal steroid therapy attempted to resolve 
these concerns. Reporting its results in 1985, the 
study confirmed the efficacy of steroids in reduc- 
ing the incidence of RDS and in decreasing the 
severity of the disease in those affected. Further- 
more, it foimd no evidence that the risk of infec- 
tion is increased in the neonafe or in the mother. 
And there is no effect of the steroid on either neu- 
rological maturation or function or developmental 
outcome during the first 3 years of life. However, 
the researchers also reported no eff *ct on mor- 
tality and suggested that the effectiveness of 
steroid therapy is significant only for female off- 
spring and only when the membranes are intact 
(174). 
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The collaborative study excluded infants under 
28 weeks gestational age. A recent, retrospective 
study in Australia, designed to include a large 
number of very low birthweight infants at high 
risk of death, contradicted the bindings of the col- 
laborative study. It found survival is substantially 
improved by antenatal steroid therapy and that 
survival improves in both girls and boys (44). 

Although the efficacy of steroid treatment is not 
resolved, the therapy clearly has several limita- 
*^tons. It does not work foi all babies; at best, it 
lowers incidence and severity of RDS. And in 
addition, because steroid therapy must be initi- 
ated at least 24 hours before delivery in order to 
be effective, for obstetrical reasons many women 
in preterm labor cannot be candidates for its use. 

Treating surfactant deficiency by administer- 
ing exogenous natural or synthetic surfactant to 
the lungs of very premature babies at or soon af- 
ter birth has the potential to greatly reduce the 
incidence of severe RDS. The basic biochemistry 
and physical chemistry of lung surfactant has been 
known for a long time, but research is ongoing 
for the best surfactant mixture, the optimum dose, 
and the timing and frequency of administration. 
At least seven recent randomized, controlled clin- 
ical trials testing natural surfactants (recovered 
from lung lavage of animals or humans) document 
that surfactant-treated infants have less severe 
RDS than control inf nts (51,74,84,102). The 
studies show a lower incidence of clinical RDS, 
lower ventilatory requirements, and less oxygen 
supplementation in treated than in control infants. 
The treatment with human surfactant significantly 
decreased the risk of death and bronchopulmo- 
nary dysplasia (102). Several of the studies using 
bovine (cow) lung extract also showed decreases 
in the risk of death (158). While one recent mul- 
ticenter trial in Great Britain using synthetic sur- 
factant found reductions in mortality and the need 
for respiratory support (104), other studies to date 
with synthetic surfactants have shown essentially 
no benefit for respiratory function (63,183). 

In none of the studies do all infants respond to 
the surfactant. Therefore, perfecting surfactant 
replacement will not be a panacea for RDS. Re- 
searchers hypothesize that some infants have res- 
piratory distress from other causes, such as in- 
fection, or that, in extremely premature infants. 



dysfunction might by caused by other structural 
immaturities (9).. Large-scale, multicenter trials are 
being undertaken in Europe and the United States 
to continue to test surfactant experimentally. It 
is probable that the necessary research and FDA 
approval process will take from 1 to 5 years be- 
fore surfactant therapy will be generally available 
for preterm babies (8,149). 

intraventricular Hemorrhage 

Along with RDS, intracranial hemorrhages, or 
brain bleeds, are responsible for the most deaths 
in the neonatal nursery (11). The most danger- 
ous are intraventricular hemorrhages in which 
blood seeps into the cerebral ventricles, small cavi- 
ties within the brain that secrete and convey cere- 
brospinal fluid. Almost all serious hemorrhages 
occur within the first or second day after birth 
(178). Once extensive brain damage has occurred 
there is little medicine can offer to improve the 
prognosis (178). An infrequent additional com- 
plication for babies with hemorrhage is the de- 
velopment of hydrocephalus, the dangerous dis- 
tension of the head caused by the excessive 
buildup of cerebral spinal fluid. Fortunately many 
cases of posthemorrhagic hydrocephalus resolve 
spontaneously or respond to medical therapy 
(153). 

Premature infants' blood vessels are particularly 
fragile, and a prevalent medical opinion is that 
the capillaries rupture and hemorrhage because 
of fluctuations in cerebral blood flow. Along with 
other causes including asphyxia, seizures, and 
pneumothorax, the use of intermittent positive 
pressure ventilation has been associated with 
hemorrhage (42,178). It is believed by some that 
the infant's own respiratory effort, out of syn- 
chrony with the ventilator, causes changes in the 
cerebral blood pressure (123). Recent research has 
focused on ways, like muscle paralysis during ven- 
tilation, to prevent such fluctuating patterns of 
cerebral blood flow velocity (123). 

Previously recognized conclusively only on au- 
topsy, the introduction of computed tomography 
scanning and later of ultrasound brain scanning 
revealed that 31 to 45 percent of infants weigh- 
ing under 1500 grams at birth have subependymal 
or intraventricular hemorrhages (42,123). Most 
hemorrhages are graded mild and appear to cause 
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no lasting clinical problems. Estimates vary on the 
proportion of cerebral hemorrhages that are se- 
vere as well as on the subsequent mortality and 
morbidity. Mortality is clearly higher in groups 
of infants with hemorrhage, as compared with 
other infants matched for birthweight or gesta- 
tional age (101). A partial review of institutional 
studies completed in the 1970s reported that mor- 
tality from severe hemorrhage ranged between 50 
and 65 percent and that hydrocephalus developed 
in 45 to 100 percent of the survivors (153). More 
recent studies have shown much lower fatality 
rates of 13 percent (42) and 6 percent (153) from 
intraventricular hemorrnage. In one of these 
studies only one infant (6 percent of the survivors) 
developed progressive hydrocephalus (153), while 
in the other study no infant required shunting for 
hydrocephalus (42). 

The incidence and severity of hemorrhage are 
correlated with gestational age and birthweight. 
Infants born at less than 29 weeks gestation are 
especially at risk (42,153). Before 32 weeks gesta- 
tion, a disproportionate amount of the total ce- 
rebral blood flow enters the periventricular cir- 
culation, and thus any disturbance of the blood 
flow tends to cause hemorrhage in this region of 
the brain (178). While the association of hemor- 
rhage with gestational age is well established and 
founded on physiological evidence, birthweight 
alone is not as good a predictor of the likelihood 
of hemorrhage. Only one study reported results 
by birthweight category. At the Johns Hopkins 
Hospital in 1980, 90 percent of the babies weigh- 
ing between 600 and 1000 grams had cerebral 
hemorrhages (36 percent of the babies had severe 
hemorrhages), but only 26 percent of the infants 
weighing between 1000 and 1600 grams had hem- 
orrhages (6 percent severe). This study found no 
evidence that the 600- to 800-gram babies had 
more severe hemorrhages than the other infants 
in the under 1000-gram category, although the ti- 
niest babies did have the highest overall incidence 
of hemorrhage (49). 

Neurodevelopmental Outcome 

Infants with severe intraventricular hemor- 
rhages have a high rate of later neurodevelopmen- 
tal handicaps. The risk of developing neurodevel- 
opmental defects is correlated to the initial degree 
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With appropriate therapy and support, the prognosis 
for even seriously handicapped very low birthweight 
infants improves over time. 



of hemorrhage (30,88,121). In a study of infants 
weighing under 1500 grams and born between 
1976 and 1981, Papile and her colleagues at the 
University of New Mexico concluded that infants 
with mild grades of cerebral hemorrhage had no 
poorer outcomes than other babies of similar 
birthweight groups without hemorrhage. But they 
also found a major handicap in 58 percent of the 
infants with severe intraventricular hemorrhage, 
and multihandicaps in 45 percent of this group 
(121). An Australian study of extremely preterm 
babies born between 23 and 28 weeks gestation 
in 1981 reported that 8 of 12 infants with severe 
hemorrhage (67 percent) developed major dis- 
abilities (30). The study at Johns Hopkins Hospi- 
tal of low weight babies born in 1980 found less 
disastrous results. At 12- to 22-month followup 
examinations, of 11 babies who had severe hemor- 
rhages, 6 were normal, 3 had moderately retarded 
development, and only 2 babies or 18 percent had 
serious intellectual and motor impairment (153). 
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Retinopathy of Prematurity 

Another affliction affecting premature infants 
is retinopathy of prematurity (ROP). The disease 
occurs in progressive stages beginning with reti- 
nal vasoconstriction, proliferation of blood ves- 
sels, scarring (cicatricial disease) of the retina, reti- 
nal detachment, and ultimately blindness (137). 
The disease is not invariably progressive and 
blindness is by no means an inevitable outcome. 
Many cr»ses spontaneously regress to normal. Per- 
haps 25 percent of those with cicatricial disease 
go on to blindness (124). 

The epidemic of ROP between 1942 and 1953 
which resulted in about 10,000 blind children is 
perhaps the most widely known example of iatro- 
genic disease (156).^ Because of technological ad- 
vances, it was routine during that decade to 
administer high concentrations of oxygen to es- 
sentially every premature infant, and it was not 
until 1954 that a large, multicenter cooperative 
study indicted oxygen as the culprit in the ex- 
ponential growth of ROP. The practice of rou- 
tine oxygen administration was quickly aban- 
doned, and the oxygen administered to infants 
with respiratory distress was given in much lower 
concentrations. But while there was a sharp de- 
cline in the prevalence of ROP during the 1950s 
and 1960s, researchers started reporting results by 
the early 1960s that created increasing uneasiness 
with the blanket policy of oxygen restriction for 
all premature infants. When oxygen usage was 
curtailed, studies showed that neonatal mortal- 
ity and the incidence of spastic diplegia (a form 
of cerebral palsy) increased among piemature in- 
fants. It was later estimated that for every case 
of blindness prevented, approximately 16 babies 
died due to inadequate oxygenation (37). 

Today's medical opinion is that the cause of 
ROP is unknown but likely multifactorial, with 
oxygen being but one critical factor. Other risk 
factors suspected of playing a role in the etiology 
of ROP include too little oxygen in utero, infec- 
tion, intraventricular hemorrhage, apnea, blood 
transfusions, hypercarbia, hypocarbia, patent 
ductus arteriosus, prostaglandin synthetase inhi- 



*Al the lime of the epidemic, the disease was called retrolental 
fibroplasia This term, still in use today, refers to the proliferation 
of scar tissue during the latter stages of the disease 
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bitors, vitamin E deficiency, assisted ventilation, 
lactic acidosis, and prenatal complications (97). 
But overwhelmingly the primary risk factor is ex- 
treme prematurity, with almost all cases confined 
to this vulnerable group (137;. The blood vessels 
in the immature retina are still developing, and 
it is believed that any disturbance in retinal cir- 
culation, whether too much oxygen or too little, 
can lead to the vessels' disordered and twisted 
growth. The very low birthweight, premature in- 
fant suffers from a number of the risk conditions 
that can disturb retinal circulation, and some cases 
of ROP appear to be unavoidable despite careful 
attention to oxygen therapy and monitoring. 

Advances in neonatal care methods and the sur- 
vival of more small and critically ill infants .lave 
contributed to a resurgence of ROP, which some 
call a second epidemic (137). Infants weighing un- 
der 1500 grams at birth are at greatest risk. Both 
the incidence and the severity of retinal disease 
increases with progressively lower birthweight 
and gestational age. 

A 1981 review of the literature estimated that 
among infants weighing between 1000 to 1500 
grams at birth, 2.2 percent have scarring ROP and 
0.3 to 1.1 percent are eventually blinded. For in- 
fants under 1000 grams, approximately 22 to 42 
percent have cicatricial ROP and 5 to 11 percent 
are blinded (124). By contrast, a Canadian popu- 
lation-based study conducted from 1977 to 1980 
found that only 13 percent of infants under 1000 
grams developed cicatricial disease, but overall 
7 percent of the survivors were blinded (140). Two 
more recent studies of infants in NICUs weigh- 
ing under 800 grams have reported that 25 per- 
cent (61) and 10 percent (80) developed cicatri- 
cial ROP. Finally, a controlled study investigating 
ROP from 1977 to 1980 in an Australian NICU 
found a lower incidence of serious scarring in the 
extremely low birthweight group than previously 
reported. Among the infants weighing under 1000 
grams, only 3 percent developed scarring ROP; 
unfortunately all of them were blinded. This study 
also found in the 1000- to 1500-gram population 
that 2 percent developed cicatricial disease and 
1 percent was blinded (187). These incidence 
figures agree with Phelps' estimates. 

Although no technological fix is on the hori- 
zon, there has been renewed interest since the 
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1970s in vitamin E as a preventive measure against 
ROP. Vitamin E was first used to prevent ROP 
in 1949, Although that initial study did find a sig- 
nificant effect, subsequent trials failed to confirm 
its efficacy, and when the role of oxygen was iden- 
tified by the collaborative trial in 1954, both 
ROP and its possible relation to vitamin E were 
dropped from the research agenda (125). Lucey 
and Dangman reviewed five recent clinical trials 
that used vitamin E prophylactically to treat ei- 
ther very low birthweight patients or patients with 
RDS. The results of these studies, though diffi- 
cult to compare, are conflicting. Some showed a 



reduction in both incidence and severity of ROP, 
others showed a lessened severity with no effect 
on incidence, and still others found no significant 
effect at all on the occurrence of ROP (97). While 
these results offer the promise of at least reduc- 
ing the worst ROP, several researchers have urged 
caution and extensive further research. There are 
suspicions that vitamin E treatment may expose 
premature infants to increased risks of necrotiz- 
ing enterocoli*^is and intraventricular hemorrhage 
(97,125), The potential negative side effects of 
vitamin E may outv,eigh the possible benefits. 
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Chapter 4 

Financing Neonatal Intensive Care 



INTRODUCTION 

Neonatal intensive care is a very costly service 
for hospitals to provide. In the 12 children's hos- 
pitals studied by the National Association of 
Children's Hospitals and Related Institutions 
(NACHRI), neonates represented only 8 percent 
of the admissions, but 21 percent of the patient 
days and 25 percent of the hospitals' costs (110). 
Neonatal care was the nriost costly category of 
service provided by the children's hospitals and, 
except for organ transplantation, involved the 
most extreme lengths of stay. 

Because neonatal intensive care is so expensive, 
it is important to examine the mix of third-party 
payers responsible for reimbursing providers and 
the extent to which payments cover the costs of 
providing care. Few studies directly examine the 
insurance status of neonatal intensive care unit 
(NICU) patients. Of 580 admissions to two NICUs 
in San Francisco in 1984, 30 percent were cov- 
ered by Medicaid, 47 percent by commercial in- 
surance, and the remaining 23 percent by other 
payers, self-pay, or were not covered under any 
plan (126). Of course there is considerable varia- 
tion among hospitals. For example, while Med- 
icaid admissions constituted 24 percent of the to- 
tal cases in WACHRI's study, the proportion of 
Medicaid admissions to total admissions ranged 
from 11 to 42 percent in individual children's hos- 
pitals (110). 

In general, hospitals consider Lhe Medicaid pro- 
gram to be a poor payer. Data from the Amer- 
ican Hospital Association survey show that while 
Medicaid paid only 19.8 percent of total net rev- 
enues in children's 1 c spitals. Medicaid benefici- 
aries accounted for "*^.3 percent of all inpatient 
days (107). Especially in the past, hospitals have 
financed the provision of such uncompensated 
care— charity care and bad debts— by "cost-shift- 
ing" and charging private sector payers— commer- 
cial insurers,, some Blue Cross plans, and patients 



who pay their own bilis— proportionately more 
than their share of the costs of the care. 

Hospitals typically charge a daily rate for gen- 
eral care in the NICU and add separate charges 
for ancillary and special services that accrue dur- 
ing the hospital stay. But these charges may be 
unrelated to actual costs. W^en particular serv- 
ices have unfavorable payer mixes or are so ex- 
pensive that their costs cannot be fully reimbursed, 
hospitals may underprice or not fully allocate 
overhead costs to the services. In general, both 
intensive care services and pediatric ser ices in 
general hospitals fall into this category. In prac- 
tice hospitals often subsidize these losses by pric- 
ing other services, which are used by a greater 
proportion of charge-paying patients, much higher 
than their actual costs. The emergence of com- 
petitive forces in today's health care market, how- 
ever, is curtailing the ability of hospitals to sub- 
sidize uncompensated care through cost-shifting 
among payers. 

One reason is that the proportion of patients 
paying on the basis of charges is decreasing. To 
keep their occupancy levels high, more and more 
hospitals are participating in preferred provider 
organizations (PPOs). In return for negotiated 
lower prices, the PPO beneficiaries (usually former 
charge-paying patients) agree to use the designated 
"preferred providers." A conservative estimate of 
the number of people enrolled in PPOs in the sum- 
mer of 1986 was about 16 5 million (40). Health 
maintenance organizations (HMOs), which typi- 
cally have risk-sharing or prospective payment 
arrangements with their hospitals, have also in- 
creased their share of the marketplace. HMO sub- 
scribers increased from 3.5 million in 1972 to 27.7 
million by 1987 (73,169). Insurance companies 
that previously paid on the basis of charges for 
most patients arj also using other methods to limit 
hospital payments. Like the public payment pro- 
grams. Medicare and Medicaid, private insurers 
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are moving toward prospective methods of reim- 
bursement. Prospective payment can take many 
forms (capitation, per diem, or per case payment). 



but, as payment rates are tightened lO eliminate 
profit, all will ultimately limit the opportunity of 
providers to cost-shift. 



REIMBURSEMENT PRACTiCES 

Since the enactment of the Medicare prospec- 
tive payment system in 1983, seven Blue Cross/ 
Blue Shield (BC/BS) plans have implemented pay- 
ment systems based on diagnosis-related groups 
(DRGs), and another three plans are involved in 
pilot programs using DRGs (134). As of June 1985, 
13 States had also adopted some form of prospec- 
tive per case payment system in their Medicaid 
programs (see also the following section on Med- 
icaid policies) (91). Although the mechanisms used 
by these systems to calculate the payment amounts 
for the DRGs usually differ from the Medicare sys- 
tem as well as among BC/BS plans and Medic- 
aid programs, there is considerable concern in the 
provider community about how fairly DRG pay- 
ments would reimburse hospitals for neonatal in- 
tensive care (110,130). 

NACHRI simulated 1984 Medicare DRG pay- 
ments in 12 children's hospitals and found the hos- 
pitals suffered their greatest financial losses from 
the neonatal cases (110). Without heavy reliance 
on special payments for outliers (cases with sta- 
tistically unusual lengths of stay). Medicare's pay- 
ments for neonatal cases would have fallen far be- 
low the hospitals' operating costs. The neonatal 
cases involved the highest incidence of outliers of 
any major DRG grouping in the children's hos- 
pitals. Similarly, another study analyzing NICU 
admissions in six teaching hospitals in California 
found that when the Medicare program's defini- 
tion of outliers was used, half of all admissions 
were classified as outliers (130). A study of 1981 
newborn discharges in Maryland also found 50 
percent of charges in the three prematurity DRGs 
were generated by outliers (16). 

NACHRI ha'> proposed replacing Medicare's 6 
nejnatal DRGs with 30 new DRGs based on 6 
birthwc'ght categories and further subdivided by 



the presence of major diagnoses, surgery, and the 
prolonged rse of mechanical ventilation. Their 
proposed set of DRGs would explain 28 percent 
of the variation in length of stay among neona- 
tal cases while the current Medicare DRGs explain 
only 16 percent of the variation (111). Overall, 
NACHRI concluded that, for children's hospitals, 
the measurement of neonatal care is the most crit- 
ical issue in constructing a prospective payment 
system, and that the volume of neonatal cases is 
a major factor in determining the balance of costs 
and revenues under the various reimbursement 
schemes (110). 

Even if payments for neonatal care equal costs 
under prospective payment methods, hospitals 
will continue to have revenue shortfalls because 
of their eventual inability to cost-shift under these 
payment me '.lods. Hospitals have recourse to 
other sources of revenue for uncompensated ne- 
onatal care. Block grant funds available to States 
under the Maternal and Child Health Services 
Program are sometimes used to directly fund ne- 
onatal intensive care for children whose family 
incomes are not low enough to qualify them for 
Medicaid (135). Moreover, all States have gen- 
eral assistance programs that reimburse health 
providers for care rendered to certain Medicaid- 
ineligible population groups (12). The extent to 
which these State and county payment programs 
actually cover hospital losses depends heavily on 
geographic location, as States vary widely in cov- 
erage and level of payment. Finally, some State 
programs, instead of targeting indigent individ- 
uals, directly support hospitals providing substan- 
tial amounts ot indigent care. These States gen- 
erate revenues for uncompensated care through 
taxes or through surcharges on all hospitals' rev- 
enues (12). 
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MEDICAID 

The Medicaid program is the major source of 
public funding for low-income women and babies. 
About 6 percent of all newborns whose deliver- 
ies are subsidized by Medicaid require neon ital 
intensive care, but this care is so expensive chat 
it represents about 30 percent of all > ledieaid ex- 
penditures for maternity care (77). > ledicaid pays 
for about 10 percent of all births in the United 
States, but with wide variations across States. 
Within Federal guidelines, each State designs and 
administers its own program. As a result there are 
substantial State-to-State differences in eligibility 
requirements, benefits, limits on services, and 
reimbursement policies. 

Policies 

Medicaid coverage for newborns is dependent 
on the eligibility of their mothers. Although the 
income criteria for Medicaid eligibility are so strict 
that many poor people are excluded from cover- 
age, family structure and employment status are 
no longer barriers to eligibility for pregnant 
women and their babies. Legislation p..ssed in 
1984 and 1986 relaxed eligibility restrictions on 
first-time mothers and married pregnant women 
with some income from employment. The Defi- 
cit Reduction Act of 1984 (Public Law 98-369) also 
required States automatically to cover the health 
costs of newborns in eligible families. Previously 
each newborn infant had to be individually cer- 
tified as eligible for Medicaid, sometimes leading 
to administrative delrys in coverage with costly 
ramifications for providers (39). Furthermore,, the 
Consolidated Omnibus Budget Reconciliation Act 
of 1986 (Public Law 99-272) mandates M-.dicaid 
coverage for women and newborns for 60 days 
postpartum, regardless of changes in the eligibil- 
ity status of the mother. Thus, any newborn 
whose mother met the income requirements for 
Medicaid prior to delivery is assured of at least 
60 days cf automatic Medicaid coverage. 

Inpatient hospital services, including neonatal 
intensive care, are mandated covered services un- 
der the Federal guidelines for Medicaid. However,, 
some States place limits on the number of days 
per admission or per year that a beneficiary is cov- 



ered for inpatient care. As of June 1985, 13 States 
had such day limits, although several programs 
allowed extensions for medical necessity (91). 
Coverage of inpatient days is also limited accord- 
ing to diagnosis in some Medicaid programs. Like- 
wise, States can limit the number of covered phy- 
sician visits. Thirteen States limit physicians' 
inpatient visits, but in general the limits are one 
or two visits per day for allowable hospital days 
(171). 

Prior to the Omnibus Budget Reconciliation Act 
of 1981, which freed States from following tradi- 
tional Medicare payment practices. States gener- 
ally used reasonable cost-based reimbursement 
principles. By June 1985 only 14 Medicaid pro- 
grams still used the retrospective per diem method 
(91) Because of both economic and political pres- 
sures, most States adopted alternative hospital 
reimbursement strategies in their Medicaid pro- 
grams. As discussed earlier, 13 States use some 
form of prospective per case rate, either on a sim- 
ple per admission basis or a discharge diagnosis 
basis. Except for Utah, all these programs use 
State-specific data, rather than Medicare data, to 
calculate DRG weights (134). The data sources 
used include }\ospital cost report data, paid claims 
files, and Medicaid claims data. Another 21 States 
use a prospective per diem as the unit of payment 
(91). Although diagnosis is not taken into account, 
seme of these s/st^ms do provide different per 
diem rates for general inpatient care and for in- 
tensive care. Finally, five States use an annual- 
ized payment system whereby the hospitals re- 
ceive a negotiated or contractual global fee from 
Medicaid. Twenty-fou^* of the State Medicaid pro- 
grams have developed special adjustments that 
recognize costs associated with the provision of 
uncompensated care. 

Expenditures for Neonaiai 
intensive Care 

Table 13 shows that of babies whose deliver- 
ies arc reimbursed by Medicaid, the proportion 
requiring neonatal intensive care varies wiutly by 
State. In the 13 States responding to a survey by 
the Alan Guttmacher Institute, the proportion of 
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Table 13.*~Medicald Recipients In Neonatal Intensive Care Units (NICUs), and Medicaid Expenditures, 

Selected States, 1983-85* 
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26 


19,717 


24,958 


Missouri (FY85) 
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4.6 
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Nevada (CY84) 


55 


37 


1.618 


29,414 
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Oregon (FY85) 
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6.2 
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2,028 
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66 
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5.7 
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8,894 
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Washington (FY85) 


359 


2.9 


1,776 


4,947 


Wisconsin (CY83) 


428 


3.2 


2,164 


5.056 



^Methoooivv, for estimates Louisiana— estimated neonatai intensive care data furnished by State, Massachusetts— reported neonatal intensive care data based on 
partial reporting by the State, reported data on infants in neonatal mtensi^e care as a percentage of Medicaid births are only for facilities reporting both kinds of 
data. Ohio— reported neonatai intensive care expenditures, annualized from 13 months of data. South Carolina and Washington— estimated neonatai intensive care 
data furnished by the State. Vermont— reported neonatal intensive care expenditures, annualized from 14 months of data 

^Excludes prepaid plans 



SOURCE A M Kenny, A Torres, N Diltes et ai . Medicaid Expenditures for Maternity and Nejvcorn Care in America, Family Planning Perspectives l8(3i 103-110. 
May/June 1986 



Medicaid babies admitted to NICUs averaged 6.1 
percent but ranged from only 2.6 percent in Mich- 
igan to an overwhelming 20.3 percent in Florida. 
The 6.1 percent average for all surveyed States 
is consistent with national data on the proportion 
of all newborns who *"°ceive intensive care. (See 
ch. 2.) Because the NL Jicaid population is gen- 
erally considered to be at higher risk, a greater 
incidence might have been expected (77). 

Table 13 also shows enormous differences in 
the per-patient Medicaid payments for neonatal 
intensive care. Of the 12 Medicaid programs 
responding to the 1985 survey, average NICU 
expenditures range from $2,000 in Oregon to 
$29,400 in Nevada. The average expenditure in 
the 12 States is $11,800 (77). The average Medic- 
aid expenditure is lower than the average hospi- 
tal costs reported for NICU infants in children's 
hospitals and teaching hospitals, but higher than 
the average costs for all sick neop':tes in Mary- 
land Level III hospitals. (See ch. 2.) The NACHRI 
study found that Medicaid patients in children's 
hospitals are more costly to treat than the gen- 
eral pediatric population and represent a more dif- 
ficult case mix (110). 
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It is difficult to draw conclusions from the dra- 
matic variation in expenditures among States in 
part because the scope of each State program is 
so different and in part because of the nature of 
neonatal intensive care. The NACHRI study of 
children's hospitals showed that neonatal care is 
the most costly service provided by the pediatric 
hospitals and involves the longest lengths of stay. 
Therefore, in States that extend Medicaid bene- 
fits to the medically needy (people who do not 
meet income requirements until they "spend- 
down"* on medical expenses) babies not normally 
qualified for Medicaid may become eligible be- 
cause they are in neonatal intensive care units. 
In addition, the clinical composition of the Med- 
icaid NICU populations in the States responding 
to the survey is unknown. Because extreme out- 
liers are common in neonatal intensive care, a few 
cases with extraordinary costs could severely skew 
a State's average expenditures in a single-year 
reporting period. 

Through ihe spend-down provision, fannilies or individuals, 
who meel ill the categorical requirennents for Medicaid except m 
come, can become eligible for Medicaid under ihe medically needy 
program if they have high medical expenses that reduce income be- 
low the medically needy maximum 
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Chapter 5 

Access to Neonatal Intensive Care 



INTRODUCTION 

The concept behind regional perinatal care is 
a coordinated, cooperative system of physicians 
and hospitals in which maternity patients and 
their newborns at high risk are identified early and 
the optimal techniques of obstetrics and pediatrics 
are appropriately applied (34). Numerous studies 
document the higher survival rates for very low 
birthweight infants born in Level III hospitals 
versus those bom elsewhere within the same geo- 
graphic area. Table 14 summarizes these reports 
and lists, for comparative purposes, neonatal 
mortality rates for several geographic regions and 
for the United States as a whole. In those popu- 
lation-based studies that identify place of birth by 



hospital type, the survival rates for very low birth- 
weight infants born in perinatal centers are sig- 
nificantly better than for those bom in either Level 
I or Level II hospitals.* In New York City, for ex- 
ample, Paneth and his colleagues concluded that 
in 1978 preterm and low birthweight infants bom 



The Single t ^cephon was a 1978 study in Iowa which found higher 
sunival rales in small Level I hospitals than m Level III hospitals 
for very low birlhweighl infants Since this v/as after the regional- 
ized systenn was m place, a likely explanation is that physiaans work- 
ing in the smallest hospitals referred the highest risk obstetric cases 
to the perinatal center (66' Moreover, a folloivup study showed 
the survival advantage in small Level I hospitals disappeared after 
1978. Babies born m the Level III center were most likely to survive 
(67). 



Table 14.— Regional Neonatal Mortality Rates* for Very Low Birthweight Infants, 1976-81 



Reference^ 



Birthweight (grams) 



Year of birth 



Population 



Saigal (139)^ 1976-78 

Paneth (119) 1976-78 



Vogt (175). 
Hein (66) . . 



Goldenberg (54) . . 

Cordero (35) 

Gortmaker (59). . 



1977 
1978 

1976- 80 

1977- 79 
197879 



Shapiro (l5l) 1978-79 

Saigal (140)^ 1977 80 

Kitchen (81)^ 1979-80 

Newns (114) 1979-81 

Buehler (26) 1980-81 

U.S. Department of 

Health and Human 

Services (172)^ 1980 



Hamillon-Wenlworth County. Ontario 

New York City 

Level III 

Southern California 

Iowa 

Level lit 

Alabama 

Level Ml 

Franklin County. Ohio . . 

Level Ml 

3 States Louisiana 

Tennessee, Washington 

Level til 

8 geographic areas 
McMasters Health Region 

Level til 

Victoria, Australia 

Level til 

West Midlands, England 

Level HI . . . 

Georgia 



U.S.A. 



^Deaths per 1.000 hve births 

*^See references ir> the back of ihis c:.se study fo' full Citations 

^Some studies reported birthwetght categofies as 500 999 and 1000 t^99 

^Deaths reported to hospital discharge 

^Includes 501 to I250 g irifants 

%inhwetght categories 70 1 to 1000 and 70 1 to 1500 g 

^Includes 750 to 1000 g infants 

"Rales for singleton birth". 

SOURCE Office of Technology Assessment 1987 



:1000^ 100M500<^ 



<1500 



617 
628' 



663 
497 



5215 
484^ 



541 
462 
744 
710 
713 
522 
642 



648 



122 
241 



212 
1^8 



185 
139 



276 
175 
161 



187 



529^ 
487^ 



580^ 
470^ 



343 



371' 
470 
440 



439 



417 
267 



431 



48 




Photo credit: YsJe University end March of Dimes Birth Defects Foundation 

Identifying high-risk pregnancies and appropriately 
referring mothers to perinatal centers is key 
to regionalization. 



outside Level III centers had a 24 percent higher 
risk of dying (120). During the same time period, 
Gortmaker and associates studied birth and death 
certificates in foi'r States and found that black in- 
fants with birthweights between 1000 and 1500 
grams were more than twice as likely to die dur- 
ing the neonatal period if they were bom in a ru- 
ral hospital instead of in a perinatal center (59).^ 

One component of regionalization is the effi- 
cient transfer of sick newborns from their hospital 
of birth to facilities capable of providing sophis- 
ticated critical care. But evon a well-functioning 
infant transfer system cannot erase the mortality 
differences across hospital levels. In the New York 
City study, deaths were assigned to hospital of 
birth to assess the effect of interhospital transport 
on neonatal mortality. Despite the transfer of 48 
percent of the low birthweight infants from the 
Level I hospitals to Level III units, the neonatal 
death rates were significantly higher in Level I hos- 
pitals (119). Thirty percent of all neonatal deaths 
in the study population occurred in the first 4 
hours of life. These early deaths cannot be influ- 
enced by infant transport and point to difficul- 
ties in the resuscitation and immediate neonatal 



This was the most disadvantageous differential »n survival rt 
ported in the study, and it 'hould be noted that overall survival 
among black infants was greater than among while inlants at the 
same level of hospital care (59) 



management of low birthweight infants in the 
more poorly equipped and staffed hospitals. 

The advantages and disadvantages of neona- 
tal versus antenatal (maternal) transfer continue 
to be argued in the medical literature. Some 
studies find no significant differences in mortal- 
ity (17,103) and others report advantages for those 
infants referred prior to delivery (64,89), but all 
the institutional studies report only on the infants 
who reach the intensive care unit. The newborns 
selected for transfer introduce bias into these 
studies. On the one hand, the sickest and most 
premature neonates may die at referring hospi- 
tals before transport can be arranged, and trans- 
fers could therefore be more viable than their co- 
hort. On the other hand, preterm infants without 
morbidity are probably cared for at their hospi- 
tal of birth rather than being transferred. More- 
over, transported infants may suffer inadequate 
temperature maintenance or delays in the initia- 
tion of mechanical ventilation before their admit- 
tance to the neonatal intensive care unit (NICU), 
leading to a relatively sicker group of transferred 
babies (81). 

Several population-based studies support ma- 
ternal over neonatal transport. In Hamilton- 
Wentworth County in Ontario, researchers esti- 
mate that the pre-delivery transfer of selected 
pregnant women to the regional center accounted 
for 28 percent of the improvement in survival 
among the very low birthweight babies born af- 
ter the introduction of neonatal intensive care 
(157). In the British Mersey Region in 1980, ne- 
onatal survival was significantly better for those 
very low birthweight infants who were transferred 
prior to birth than for infants who were not trans- 
ferred or were transferred after delivery (93). 
Moreover, the difference between the survival rate 
for those infants transferred before delivery and 
those infants born to mothers who had booked 
at the perinatal center was not significant. And 
in the State of Victoria, Australia in 1979 and 
1980, both survival and outcome were better for 
tertiary center births than for those bom elsewhere 
(81). The Australian study, which examined only 
infants with birthweights under 1000 grams, 
found a significantly higher prevalence of severe 
functional handicaps in the outbom children than 
in either the inborn or the antenatal transfer 
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groups. Several other institutional studies also re- 
port an increased incidence of intraventricular 
hemorrhage or respiratory distress syndrome in 
infants transported neonatally as compared with 
inborn infants, implying these infants were not 



LEVEL II HOSPITALS 

Besides questioning the efficacy of relying on 
neonatal transport from Level I hospitals, the 
population-based study in New York City also 
raises doubts about the effectiveness of neonatal 
intensive care in Level II facilities. The study 
showed that while there was a survival advan- 
tage for low birthweight babies in a Level II hos- 
pital over a Level I hospital during the first 4 hours 
of life, that advantage disappeared by 28 days. 
Improvements in neonatal mortality rates from 
1976 to 1978 were statistically significant only for 
infants bom in Level III unils. The researchers 
concluded that intrapartum management and 
postnatal stabilization were performed well in 
Level II hospitals, but that the management of 
later complications of low birthweight such as res- 
piratory failure was less expertly handled (119). 

Paneth and his colleagues blamed the virtual 
absence of infant transfers from Level II units to 
Level III facilities for the discouraging mortality 
rates (120). Support for these views comes from 
the State Division of Health Services in North 
Carolina. Their study of perinatal mortality rates 
from 1969 to 1979 for very low birthweight in- 
fants in North Carolina found that by 1979 the 
Level II centers had higher mortality rates than 
either of the other two hospital levels (117). This 
study also concluded that Level II hospitals sel- 
dom referred infants or maternity patients. The 
author urged greater participation in a coordi- 
nated referral system. 

One reason Level II hospitals might not refer 
high-risk mothers and infants to nearby Level III 
hospitals is competition. A major way that hos- 
pitals compete for patients is through the scope 
and quality of services. Childbirth is often a fam- 
ily's first contact with hospitalization. Transfer 
of mother or child to a nearby Level III hospital 
could jeopardize the family's continuing relation- 
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adequately stabilized at birth (31,89,103). Al- 
though the birth of a premature infant cannot al- 
ways be anticipated, there is ample evidence that, 
ideally, pregnant women at high risk should be 
transferred to a perinatal center prior to delivery. 



ship with the Level II institution. Particularly in 
urban settings, where competition among hospi- 
tals is keenest. Level II facilities may be reluctant 
to refer to Level III units (128). 

Since the New York City and North Carolina 
studies, there has been a nationwide movement 
to upgrade the capabilities of Level II units (144). 
Conversely, some Level II hospitals have termi- 
nated their specialized neonatal intensive care 
services. In New York City, for example, the num- 
ber of facilities offering Level II rursery services 
declined from the study period h' ,h of 20 to only 
14 in 1982 (65,120). Moreover, the extent to which 
there is a problem may .veil be related to the re- 
gion of the country. For example, a Level II nurs- 
ery in Georgia, which published its experience for 
1976 to 1978, referred 62 percent of its newborns 
with birthweights under 1500 grams to a Level III 
facility (76). The Level II facility unit considered 
that its capabilities included the care of moder- 
ately ill newborns weighing 1500 grams or more 
and convalescing neonates who had been returned 
from the Level III facility. 

The guidelines published by the Committee on 
Perinatal Health in 1977 and reiterated jointly by 
the major professional associations in 1983 spe- 
cifically list gestation of less than 34 weeks or 
birthweight of less than 2000 grams as indications 
for transfer from Level II units to Level III units 
(4,34). But the American Academy of Pediatrics 
acknowledged the wide range of functional capa- 
bilities existing within the definition of a Level II 
unit in a 1980 statement by its Committee on Fe- 
tus and Newborn (3). Some units provide care 
only slightly more complex than Level I nurser- 
ies, while others have capabilities approaching 
Level III centers. The referring practices of these 
centers may vary just as widely. And while the 
Committee on Fetus and Newborn clearly states 
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that it is undesirable for Level II Is to provide 
neonatal cardiology and surgery services, no men- 
tion is made of referring practices for low birth- 
weight infants beyond the requirement for ongo- 



ing liaison and consultation with a Level III center. 
Each Level II unit is urged to assess its own capa- 
bilities for delivering care in terms of personnel 
and facilities. 



CONCENTRATION OF BIRTHS IN LEVEL III HOSPITALS 



Although regionalization is often given credit 
for many of the improvements in perinatal out- 
come over the last decade, little is known about 
the extent to which high risk mothers and infants 
are actually redistributed to the appropriate levels 
of care. Several groups have reported compari- 
sons of areas that did or did not have a regional- 
ized program. In 1975, the Robert Wood Johnson 
Foundation funded eight sites to promote coordi- 




PhOfo credit Kay Chomosh photographer 
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Time i& crucial m the transport of very sick ne^wbornb 



nated systems of perinatal care for entire geo- 
graphically defined regions, comprising about 6 
percent of the births in the United States. An 
evaluation compared mortality rates both before 
and after regionalization and in program and com- 
parison regions. Neonatal mortality rates declined 
in both types of regions, but no greater reduction 
was noted for the program-funded regional net- 
work. The investigators concluded that region- 
alization had become widespread and extended 
into the comparison areas without the encourage- 
ment of specific funding (100). Likewise, Siege! 
and colleagues looked at two comparable areas 
in North Carolina (one funded to develop a peri- 
natal system) and reached much the same con- 
clusions as the Robert Wood Johnson Foundation 
researchers (155). However, a third program 
launched in 1979 specifically to improve perina- 
tal health care (including high-risk maternal refer- 
rals to Level III centers) in 10 rural areas with his- 
tories of high infant mortality did show sharp 
declines in neonatal mortality rates while rates in 
control areas did not change (58). 

The Robert Wood Johnson Foundation evalu- 
ation also studied the extent to which high-risk 
births occurred in tertiary care centers. By 1979,, 
almost 60 percent of all very low weight births 
in the demonstration areas were delivered in 
perinatal centers, compared with only 36 percent 
at the beginning of the decade. Similar changes 
occurred in the comparison areas, although the 
percentage of very low weight births in the Level 
III units was lower than in the demonstration 
area^ (100). Those results, along with the results 
of other studies examining the concentration of 
very low weight births in Level III units,, are 
shown in table 15. All the studies demonstrated 
a shift in the site of delivery over time, with high- 
risk deliveritb increasingly moved to the perina- 
tal centers. Such changes indicate that with region- 
alization bome antenatal assessment of risk is 
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occurring and that the management of high-risk 
pregnancies is being transferred to the Level III 
units before delivery. 

But table 15 shows there is wide variation 
among areas in the extent to which infants of very 
low birthweight are born in Level III hospitals. 
The largest area, the Robert Wood Johnson Foun- 
dation regions representing 6 percent of all births 
nationally, shows the highest concentration of 
very low weight births in tertiary centers. Iowa, 
a rural State, shows one of the lowest concentra- 
tions. However because of low population den- 
sity and distance considerations, a single Level III 
center serves the entire State, and Iowa is con- 
sidered to be successfully regionalized (66). 

The degree to which access to Level III serv- 
ices varies within regions among different sub- 
groups in the population is difficult to determine. 
Gortmaker and colleagues examined racial and 
urban/rural differences in four States. (See table 
15.) The lowest concentration of very low weight 



births in Level III centers occurred among whites 
in Louisiana and Ohio; 23 percent of white very 
low birthweight infants were born in regional 
centers in these States. Black infants, in general, 
had better access to specialized services. In Ten- 
nessee more than 50 percent of the black very low 
birthweight infants were bom in perinatal centers. 
Residents of rural areas were always less likely 
than their urban counterparts to be bom in Level 
III units, but again, black rural infants were more 
likely than white rural infants to be born in spe- 
cialized centers (59). 

These data on the concentration of very low 
weight births in Level III centers do not fully de- 
scribe the extent to which sick newborns actually 
receive services in Level III units. The contribu- 
tion of infant transport systems to increased ac- 
cess cannot be assessed. However, the wide vari- 
ation among geographic areas in the concentration 
of high-risk births points to inequities in the avail- 
ability of neonatal intensive care. 



Table 15.— Concentration of Births of Infants Weighing Less Than 1500 Grams in Level III Hospitals 



Reference^ 



Hein (66) 

Nugent (117) 

McCormick (100) 



Gortmaker (59) . . 



Year of birth 



1978 
1979 
1978-79 



19/8-79 



Goldenberg (53) 

Lobb (93) 

Information Service Center (72). 



Births in Level ill hospitals 



Population 



<1500 grams 
(percent) 



^See references in the Dack of this case study for full citations 
SOURCE Office of Technology Assossment 1987 



Iowa 23 

North Carolina 47 

8 Robert Wood Johnson 
Foundation geographic 

areas 59 

Comparison Areas 4/ 

LA: white, urban 27 

black, urban 59 

white, rural 14 

black, rural 31 

Ohio: white, urban 26 

black, urban 35 

white, rural 13 

black, rural 11 

TN. v,rhite, urban 40 

black, urban 67 

white, rural 38 

black, rural 45 

WA. white, urban 42 

white, rural 44 

1980 Alabama 56 

1980 Mersey, Great Britain 28 

1984 fvlaryl^nd 54 



All births 
(percent) 



43 
31 



32 
31 
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BARRIERS TO MATERNAL AND NEONATAL TRANSPORT 



Level III hospitals may refuse admission for a 
neonatal transfer for a number of reasons. The 
lack of available beds is the reason proffered in 
most instances. Although the average occupancy 
nationwide in Level III units is only 73 percent, 
occupancy in some intensive care nurseries does 
consistently approach 100 percent. (Seech. 2.) It 
is also likely that a few hospitals use the excuse 
of full occupancy to turn away infants whose care 
would not be adequately reimbursed. As discussed 
in chapter 2, neonatal intensive care is one of the 
most costly services provided by hospitals and en- 
tails some of the longest lengths of stay. Uninsured 
infants may be deemed undesirable admissions by 
some hospitals. Moreover, because Medicaid is 
often considered a poor payer which does not 
fully reimburse a hospital's costs, even Medicaid 
coverage may not ensure entry. (See ch. 4.) 

There is no legal requirement that forces hos- 
pitals to admit every child, regardless of ability 
to pay. Depending on when a neonatal intensive 
care service was started, the need for such serv- 
ices may have been analyzed by health planners 
under State certi^icate-of-need legislation. How- 
ever, once a certificate-of-need is granted, the 
State has no ongoing authority over how serv- 
ices are operated. The Joint Commission on Ac- 
creditation of Hospitals, which reviews the oper- 
ations of hospitals and lists staffing, equipment 
and procedural guidelines for neonatal intensive 
care units, does not address issues of access to 
treatment (75). Some hospitals are legally required 
to provide a certain amount of charity care to in- 
digent individuals if they received Federal funds 
for hospital construction and renovation under 
the Hill-Burton Act of 1946. Currently, about 
4,200 hospitals in the United States are still ful- 
filling their Hill-Burton obligations (182). 

Likewise, hospitals are not required to pread- 
mit high-risk pregnant women for their deliver- 
ies, even if the hospital serves as the designated 
perinatal center for the region. In fact, most hos- 
pitals have policies requiring advance payment 
in full for deliveries if the maternity patients do 
not have insurance. However, in March 1986 the 
Consolidated Omnibus Budget Reconciliation Act 
was passed, and it prohibits any Medicare-par- 



ticipating hospital from refusing to treat or from 
transferring any woman already in labor (50). 

The same financial incentives operate for phy- 
sicians. Obstetricians and pediatricians may be 
leery of accepting non-paying or partial-pay pa- 
tients. Survey data show that obstetricians lag be- 
hind other specialties in the extent to which they 
accept Medicaid patients. The average Medicaid 
reimbursement rate for obstetrical care is at least 
one-third lower than the average private fee, and 
the gap between the two amounts is widening over 
time (170). 

On the other hand, obstetricians with paying 
maternity patients may not want to refer high- 
risk cases to the perinatal center and risk losing 
their fees. Many of the Level III hospitals are 
university-affiliated with closed medical staffs; 
non-faculty physicians are not allowed admitting 
privileges. 

The escalation in recent years of malpractice 
actions, especially against obstetricians, has prob- 
ably had a side effect of improving access to 
perinatal services for high-risk women. Concerns 
about possible malpractice litigation would en- 
courage community obstetricians to refer high- 
risk maternity cases to regional centers. Obstetri- 
cians might particularly employ such "defensive 
medicine" tactics for low-income high-risk women 
because the physicians have poor financial incen- 
tives to keep their patients. 

Finally, the perceptions of physicians about ne- 
onatal mortality and outcome affect access to ne- 
onatal intensive care. Several studies show that 
physicians substantially underestimate the poten- 
tial survival of low birthweight infants (56,185). 
The obstetrician's understanding of prognosis in 
turn influences his or her management of prema- 
ture labors, such as the decisions to utilize elec- 
tronic fetal monitoring, to perform cesarean sec- 
tions for fetal distress, or to transfer mother and 
baby prior to delivery to a Level III facility (56). 
These early management decisions may determine 
whether the newborn infant actually survives. 

A survey of obstetrical residency programs in 
1981 found that at less than 28 v/eeks gestational 
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age there is still considerable variation among hos- 
pitals in how labor and delivery are managed. 
Based on the survey, about one-half of univer- 
sity training programs consistently performed ce- 
sarean sections for fetal distress at 27 weeks gesta- 
tional age and one-third of the nonuniversity 
residenrv programs routinely performed cesarean 



deliveries under these conditions. (The average 
birthweight for a 27-week infant is between 950 
and 1000 grams.) This study points to a lack of 
consensus among obstetricians on how aggres- 
sively labor and delivery should be managed be- 
tween 25 and 28 weeks gestational age (55), 



THE TINIEST BABIES 

Once a low birthweight infant is in a Level III 
hospital, through birth or transfer, access to ne- 
onatal intensive care is almost assured. In prac- 
tice, the almost universally followed approach in 
the NICU today is to initiate aggressive treatment 
for all infants at birth (160,165). Broad latitude 
has traditionally been given to doctors and par- 
ents involved in making the difficult decisions 
about treatment for premature or sick neonates. 
But in part in reaction to the so-called "Baby Doe" 
rules, pediatricians, anxious about their legal lia- 
bility, are increasingly treating virtually all new- 
boms, including extremely premature infants with 
very low birth weights. Although the rules came 
about in response to several "Baby Doe" cases in- 
volving selective nontreatment for infants with 
Down's syndrome, spina bifida cystica, and other 
congenital anomalies, the primary controversy in 
the medical community revolves around the tiniest 
infants who are born at the threshold of viability.^ 

The Department of Health and Human Serv- 
ices (DHHS) issued a "Notice to Health Care 
Providers'' in May 1982 informing hospital ad- 
ministrators that, under Section 504 of the Reha- 
bilitation Act of 1973, they risked losing Federal 
funds if treatment or nourishment was withheld 
from handicapped infants. The so-called "Baby 
Poe" rules were promulgated in interim regula- 
tions by DHHS the following March and in final 
regulations in January 1984. Facilities were re- 
quired to post notices in nurseries and provide ac- 
cess to medical records for Federal investigators. 
Although the Supreme Court ruled in 1986 that 
the 1973 Rehabilitation Act could not be used to 



'Most experts believe that there is an anatomical threshold of fe- 
tal development (especially for lung and kidney development) at 
about 23 to 24 weeks before which time fetal survival is not possi- 
ble even with modern techniques (148), 



justify the regulations because there was no evi- 
dence that hospitals denied care to babies solely 
because of handicap. Congress had in the mean- 
time passed legislation dealing with medical ne- 
glect in the 1984 amendments to the Child Abuse 
Prevention and Treatment Act (Public Law 98- 
457) (181). These amendments define medical ne- 
glect in the treatment of disabled infants as child 
abuse and give the oversight responsibility for im- 
plementing the law to the States' child-abuse agen- 
cies (164). Both the American Academy of Pedi- 
atrics, which vehemently opposed the initial Baby 
Doe regulations, and Right to Life groups, which 
supported them, participated in reaching com- 
promise language. Regulations implementing th^s 
legislation went into effect in June 1985. 

The new regulations permit "reasonable medi- 
cal judgment" to be used in making decisions 
about the care of disabled newborns and explicitly 
lists three exceptions when withholding medical 
treatment (other than appropriate nutrition, hy- 
dration, or medication) is not "medical neglect" 
(106,164). The exceptions deal with situations 
where treatment would merely prolong dying or 
would be "virtually futile" in terms of the survival 
of the infant and, under these circumstances, the 
treatment itself would be inhumane. 

The regulations also encourage hospitals to set 
up Infant Care Review Committees. A 1985 sur- 
vey by the American Academy of Pediatrics of 
hospitals with NICUs found that nearly 66 per- 
cent had an ethics body, up from 56 percent the 
previous year. However, the survey also found 
that slightly more than half of the committees had 
considered no cases during the previous year (1). 
Apparently, Baby Doe cases are relatively rare 
with most conflicts resolved by parents and health 
professionals (181). 
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Although the Baby Doe rules have raised pub- 
lic debate on the issue, their legal impact on treat- 
ment decisions for extremely premature infants 
is unclear (90). Aside from the limited clout of 
the new regulations (withholding Federal dollars 
from the State child protection service agency), 
the language is ambiguous and open to interpre- 
tation. In the case of extremely low birth weight 
infants, "reasonable medical judgment" is divided 
on whether it is "virtually futile" to offer treat- 
ment. The guidelines accompanying the regula- 
tions admit that "virtually futile" does not mean 
absolute certainty and that the prospect of death 
need not be imminent (106). If most physicians 
understand the law this way, a minimal effect on 
treatment decisions might be expected. On the 
other hand, in today's malpractice-wary climate, 
physicians may react by treating aggressively all 
but the most clearly hopeless cases so as to avoid 
any possibility of liability for medical neglect 
(105). 

In practice, physicians often employ guidelines 
for treatment based on their own observations of 
prognosis. Under such informal policies, infants 
who are born weighing less than 500 grams are 
not resuscitated in most hospitals. In some insti- 
tutions, this boundary on treatment might extend 



to babies under 600 grams or even under 750 
grams. Of course gestational age and the condi- 
tion of the infant are also taken into considera- 
tion. Without the application of sophisticated life- 
extending technologies, like respirators, these in- 
fants are almost certain to die. Although, as dis- 
cussed, the Baby Doe regulations do not force 
evaluation of such policies, many neonatologists 
cite the Federal rule as a primary reason for the 
aggressive treatment of smaller and smaller ne- 
onates. At least one published report blames the 
intrusion of the Baby Doe regulations into the 
NICU for the unnecessary and costly treatment 
of conjoined twins when there was no hope for 
survival (150). 

Practicing defensive medicine is a negative in- 
centive for most physicians, and it should be 
noted that the same neonatologists who mention 
legal considerations also point to the now many 
publicized successes with extremely tiny babies. 
The normal outcome for some of these infants en- 
courages imitation. More importantly, it is im- 
possible during the first weeks of life, even with 
today's most sophisticated technology like ultra- 
sound brain scans, to predict accurately an infant's 
eventual outcome (21,163). 
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Chapter 6 

Economic Analysis of 
Neonatal Intensive Care 



INTRODUCTION 

This case study has shown that neonatal inten- 
sive care is a high-cost technology that demon- 
strably saves the lives of low birthweight babies. 
But the long-term consequences of providing in- 
tensive care are more difficult to evaluate. Over 
the lifetimes of the infants treated in neonatal In- 
tensive care units (NICUs), are medical care costs 
increased or reduced? Likewise, what are the ef- 
fects on the pain and suffering of patients and their 
families? Is it possible that some severe handicaps 
in children are considered by families to be worse 
than death? 

Cost-effectiveness analysis (CEA) can provide 
insight to these issues by comparing the costs, ben- 
efits, and quality of life implications of neonatal 
intensive care in a single economic evaluation. 
Ideally, CEA compares the costs and the health 
effects of alternative strategies, such as the pro- 
vision of neonatal intensive care with another kind 
of intervention for low birthweight babies. The 
expected changes in health effects are arrayed 
against the net medical care costs incurred by pro- 
viding each alternative approach to neonatal care. 

Unlike CEA, cost-benefit analysis attempts to 
place dollar values on all consequences, both posi- 
tive (benefits) and negative (costs), arising from 
alternative courses of action. The alternative with 



the highest level of monetary net benefit (or lowest 
net cost) is preferred to others. If the net benefit 
is greater than zero, the alternative is "cost sav- 
ing" and considered worthwhile on efficiency 
grounds alone. Because it is so difficult to place 
a value on the benefits of a strategy, cost-benefit 
analysis often proves inadequate. Some research- 
ers have calculated the lifetime economic produc- 
tivity of survive s, but this is certainly an incom- 
plete surrogate lor the benefits of a life-saving 
intervention. How can a value be placed on the 
pain, suffering, anxiety, emotional distress, or 
grief in patients and their families, especially when 
these consequences occur at different times in the 
future? These psychosocial benefits (or losses) 
defy measurement (179). 

Cost-effectiveness analysis escapes the problem 
of trying to value benefits by using the effective- 
ness measure (e.g., quality-adjusted life years) as 
a proxy. Net costs per unit of health effectiveness 
are calculated and compared with other progiams 
with similar health goals. The interpretation of 
results from cost-effectiveness analyses remains 
problematic, however, because methodological 
differences in study design make it difficult to 
directly compare one CEA evaluation to another. 



COST-EFFECTIVENESS AND COST-BENEFIT STUDIES 



The earlier OTA study on neonatal intensive 
care by Budctti and his colleagues concluded that 
neonatal intensive care for infants weighing 1500 
grams or less was marginally cost saving when 
the value of the lifetime economic productivity 
of survivors was estimated. Treatment of the sub- 
group weighing under 1000 grams cost more in 
net medical costs than was saved in productivity 
if outcomes from 1971 to 1975 were used. When 



mortality and morbidity rates from late^ in the 
1970s were used in the calculation, however, treat- 
ment of the extremely low birthweight infants also 
became cost saving. The benefits accruing from 
the lifetime earnings of the increased number of 
normal survivors outweighed the costs incurred 
by the increase in the absolute number of severely 
handicapped (25). 
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Budetti and his colleagues compared the costs 
of neonatal intensive care with less intensive care 
of ill newborns. Using mortality and morbidity 
rates gleaned from the literature, they relied on 
a cost-benefit economic model that assigned dol- 
lar values based on the assumptions that normal 
survivors are economically productive; nonsur- 
vivors are relatively inexpensive; and seriously 
defective survivors are both expensive and not 
productive. These hypothetical scenarios may not 
have adequately mitA 'red the true life experience 
of NICU survivors. In addition, their analysis did 
not take into account the psychosocial costs and 
benefits of neonatal intensive care that were dis- 
cussed previously. 

The most comprehensive economic evaluation 
conducted to date v;as undertaken by a group of 
Canadian researchers (19). They studied the mor- 
tality and morbidity of all very low weight in- 
fants born to the residents of a southern Ontario 
county before (1964 to 1969) and after (1973 to 
1977) the iptrodudion of neonatal intensive care. 
The assessment of survivors' health included a 
classification o^ health states that measured phys- 
ical, social, role, and emotional function as well 
as health problems. To take into account these 
psychosocial costs, a sample of parents was then 
surveyed on the desirability or rndesirability of 
tne health states relative to one another. For ex- 
ample, parents rated some chronic dysfunctional 
states as worse than death. The survey results 
were then used to weight life-years for quality. 
These quality-adj.isted iife-years (QALYs) were 
the measure used to adjust additional years of life 
(decreasing mortality) for the long-term disabili- 
ties that some survivor- have as ihey live out their 
life expectancies. 

Health outcomes were calculated for two birth- 
weight groups: infants weighing 1000 to 1499 
grams and Infants weighing 500 to 999 ';.ams. Like 
many other studies, the Canadian group found 
that the rate of survival to hospital discharge in- 
creased with neonaLal intensive care. And, while 
the introduction of neonatal intensive care also 
resulted in increases in qu. lity-adjusted life-years 
for the very low birthweight infants as a whole, 
for the subgroup of infants weighing less than 
1000 grams, the increare in quality-adjusted life- 
years was lower than the increase in unadjusted 



additional life-years, implying a poor quality of 
life for many of these tiniest surviving infants. In 
fact, although the proportion of serious handicaps 
among survivors did not increase significantly, 
the increased absolute number of survivors re- 
sulted in a greater number handicapped chil- 
dren (70). 

Costs were estimated for all neonatal care and 
for lifetime followup health care and other spe- 
cial services, such as institutional care or special 
education. The results of the economic evaluation 
performed by the Canadian group are shown in 
table 16. For the group weighing 1000 to 1499 
grams at birth, the incremental cost of neonatal 
intensive care was $82,969 per survivor at hospi- 
tal d'^ :harge. Similarly, for the 500- to 999-gram 
birthweight group, the neonatal intensive care 
program cost $142,929 per survivor. 

By every economic measure, neonatal intensive 
care for infants weighing 1000 to 1499 grams was 
more cost-effective than neonatal intensive care 
fc ^ infants weighing under 1000 grams. Projected 
o^^er a lifetime,^ the neonatal intensive care pro- 



^Neonatai intensive care requires the early expenditure of large 
sums of money to achieve later gains Therefore.^ a discount rate 
ot 5 percent was applied to costs, earnings, and effects (QALYs) 
occurring in the futuie in order to convert future values to their 
equivalent present value. 



Table 16.— Measures of Economic Evaluation of 
Neonatal Intensive Care for Very Low Birthweight 
Infants (5 Percent Discount Rate), 1984' 



Birthweight (grams) 


Period 


1000-1499 


500-999 


To hospital discharge:^ 
Cost/additional survivor .... 


$82,969 


$K2,929 


To age i5 (projected)* 
Cost/life-year gained .... 
Cost/QALY gained^ 


8,506 
10.737 


17,012 
55,917 


To death (projected): 

Cost/life-year gained 

Cost/QALY gained^ 

Net econcmic benefit 


4,044 
^^,,462 


12,968 
31,235 


(loss)/live birth 


(3,626) 


(22,450) 


Net economic cost/QALY 
gamed^ 


1,394 


24,403 


^Values were converted to i984 U S dollars from i978 Canadian dollars 
"All costs and effects occurred in year one 



SOURCE MH Boyle. GVv Torra ice.JC SincMir. el al , Economic Evaluation 
of Neonatal Intensive Care of Verv low Birth-Weight tnfants." N Eng 
J Med 308<22).1330 1337. June 2, 1983 
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gram cost $4,462 per quality-adjusted life-year 
gained for the 1000- to 1499-gram birthweight 
group and $31,235 per quality-adjusted life-year 
gained for the under 1000-gram group. Borrow- 
ing from cost-benefit analysis, t^e researchers also 
calculated net economic benefu (or loss^ by tak- 
ing into account the anticipated future earnings 
of survt'vors. In this analysis, there was a net eco- 
nomic loss in employing neonatal intensive care 
over nonintensive care for both weight groups. 
However, for infants weighing 1000 to 1499 grams 



the increased costs of treatment were very nearly 
offset by increased lifetime earnings. When the 
discount rate was set lower than 3V2 percent, the 
net economic benefit per live birth was positive. 
Not so for the birthweight group weighing under 
1000 grams. Gains in survival and quality-adjusted 
life -years were obtained at a considerable increase 
in neonatal costs and subsequent health care costs. 
These costs could not be repaid through lifetime 
earnings. 



CONCLUSIONS AND POLICY IMPLICATIONS 



The results of the Canadian study raise a num- 
ber of issues. One is whether the same conclusions 
would be reached if the study were conducted 
today. For the time period studir \ the mortal- 
ity, morbidity, and cost figures used by the Cana- 
dian group did not differ markedly from other 
population-based and institutional reports for the 
same birthweight groups. However, since 1977 
there have been both substantial gains in survival 
and increases in costs. During the period studied 
by the Canadians, the risk of mortality declined 
more rapidly for the 1000- to 1500-gram birth- 
weight group than for smaller babies. Since then, 
the most rapid reduction in mortality risk has been 
for the 750- to 1000-gram birthweight group. (See 
ch. 3.) Better rates of survival woul-I tend to im- 
prove the cost-effectiveness of neonatal intensive 
care, and this impact would be greater for the un- 
der 1000-gram birthweight group. 

OTA calculated the incremental cost of neona- 
tal intensive care in producing a survivor by using 
the recent data on mortality and hospital costs 
that are developed in this case study (table 17). 
Baseline survival rates, prior to the introduction 
of neonatal intensive care, were taken for the 
years 1961 to 1965 and compared with the most 
recent, available survivor rates, those for 1981 to 
1985. OTA's results are remarkably similar to 
those found in the Canadian study. (Both tables 
16 and 17 are in 1984 U.S. dollars.) Compared 
with the Canadian costs, OTA found the cost per 
additional survivor to be about $3,000 more ex- 
pensive for infanti> with birihweights between 
1000 and 1500 grams and about $24,500 less ex- 



pensive for infants with birth weights under 1000 
grams. The impact of improved survival rates for 
extremely low birthweight infants was very strong, 
because the average hospital costs in the Cana- 
dian study for the under 1000-gram birthweight 
group were less than one-half the average costs 
used in the OTA calculation. If only mortality is 
taken into account, the cost-effectiveness of ne- 
on?*^al intensive care relative to no special care 
for the smallest babies (those under 1000 grams) 
has improved since 1977. 

Limitations of data prevented OTA from exam- 
ining the implications of long-term morbidity on 
costs in a separate cost-effectiveness analysis. The 
proportion of NICU survivors with serious han- 
dicaps has remained stable since the Canadian 
study, but the rate of severe disability increases 
with decreasing birthweighi. (See ch. 3.) The re- 
cent declines in mortality mean that, especially 
among the under 1000-gram birthweight group. 



Table 17.— Cost of Neonata! Incansive Care 
Per AddHlon^i Survivor, 1984 



Birlhv/e;ght (grams) 




1000-1499 


500-999 


Average hospital cosl^. 


$36,153 


$ 49,617 


Additional survivors per 1,000 
live births from 1960 
to 1980^ 


419 


419 


Cost per additional survivor . 


$86,284 


$118,418 



^Fforn lable 4. mean of the average hospital costs frer infant reported by the three 
groups of ho^p.tals 

"f rom table 9. change in inborn neonatal mortality rates per 1 000 live births from 
1961-65 to I98t 85 

SOURCE Offipo of Technology Assessment 1987 
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there are now both more normal survivors and 
more handicap victims. (See figures 2 and 3 in ch. 
3.) It is unclear how the new mix of survivors 
would affect the economic equation. 

Costs have increased since 1978, and these in- 
creases have outpaced inflation by more than 75 
percent in the United States. Infants treated in ne- 
onatal intensive care use resources more inten- 
sively than previously, and resou -e use is in- 
versely correlated with birthweight. (See ch. 2.) 
These increases in medical care costs, though they 
contribute to improved health outcomes, would 
tend to decreare the cost-effectiveness of neona- 
tal intensive care. Moreover, the lifetime costs for 
custodial care for a severely disabled person have 
risen too. A recent estimate of the cost for caring 
for a severely handicapped child (in 1982 dollars) 
is $22,590 per year (170). 

In all likelihood the conclusions of the Cana- 
dian study would still pertain today. Neonatal in- 
tensive care results in both increased survival and 
increased costs. Moreover, neonatal intensive care 
becomes more expensive as it is employed in in- 
creasingly marginal cases. 

One way to increase the cost-effectiveness of 
neonatal intensive care is to try to identify which 
newborns are most likely to survive, and, in par- 
ticular, experience higher quality lives ^14). For 
example, because birthweight is such a powerful 
predictor of noth survival and morbidity, analy- 
sis of birth'.veight groups by 100 gram increments 
can lead to refinements in the conclusions of the 
Canadian group. Researchers in Rhode Island ana- 
lyzed lifetime costs for infants weighing 500 to 
1000 grams and born between 1977 c>nd 1981 
(180). Taking into consideration long-t'jrm ther- 
apeutic and custodial care for handicapped chil- 
dren as well as initial hospitalizations,, tucy esti- 
mated costs in 1982 dollars ranging from $362,992 



per survivor for infant.^ with birthweights between 
bOO and 699 grams to $40,647 per survivor for 
those weighing 900 to 999 grani^.. Their cost- 
benefit analysis showed that when estimates of 
lifetime earnings were added to the equation, only 
infants with birthweights from 900 to 999 grams 
had future earnings that exceeded total costs. 

Such analyses help to refine the economic equa- 
tions, but the question should not be whether to 
deny care to any particular infant on the basis of 
high costs. It is expected that a successful inter- 
vention like neonatal intensive care will add to 
overall medical costs. Moreover, there are many 
ethical, social, and legal reasons why intensive 
care should not be withheld from a newborn, no 
matter what its size and gestational age. (See ch. 
5.) Most importantly, neonatologists are unani- 
mous in stating that it is impossible to predict out- 
come at birth. Many healthy babies would be lost 
if blanket policies of withholding care were promul- 
gated. Doctors, in conjunction with parents, have 
traditionally grappled with decisions about indi- 
vidual patients and they must continue to do so. 
Data on cost-effectiveness can be one component 
of what are, ultimately, value judgments. 

Policymakers can more directly use the results 
of cost-effectiveness analyses to guide priorities 
in expenditures for health care. For example, it 
is not clear that society is spending more per 
quality-adjusted life-year for neonatal intensive 
care than for other programs such as dialysis, kid- 
ney transplantation, coronary artery bypass sur- 
gery, or bone-marrow transplantion (14,186). In 
such a comparative context, neonatal intensive 
care can be judged to be more or less worth its 
rosts. Better cost-effectiveness information about 
diverse programs can help both policymakers and 
physicians make consistent and well-founded 
choices. 
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Glossary of Acronyms and Terms 



List of Acronyms 

AHA —American Hospital Association 

BPD —bronchopulmonary dysplasia 

BC/BS -Blue Cross/Blue Shield 

CEA — cost-effectiveness analysis 

CPAP —continuous positive airway pressure 

DRGs — diagnosis-related groups 

ECMO —extracorporeal membrane oxygenation 

HFV —high-frequency ventilation 

HMO —health maintenance organization 

IVH —intraventricular hemorrhage 

MDC —major diagnostic category 

NACHRI— National Association of Children's 

Hospitals and Related Institutions 

NICII — neonatal intensive care unit 

NIH —National Institutes of Health 

OTA —Office of Technology Assessment (U.S. 

Congress^ 

PEEP — positive end expiratory pressure 

PPO — preferred provider organization 

QALY —quality-adjusted lire-year 

RDS — rcspirator>- distress syndrome 

ROP —retinopathy of prematurity 

SIDS — sudden iiifant death syndrome 



Glossary of Terms 

Antenatal transfer: The transport of pregnant women 
to the appropriate level of care prior to delivery. 

Assisted ventilation: Mechanical assistance in perform- 
ing or controlling the breathing function. 

Baby Doe rules: Federal regulations issued from 1982 
to 1984 under Section 504 of the Rehabilitation Act 
of 1973 that prohibited hospitals from withholdir.e 
nourishment or care from handicapped infants. 1 he 
Supreme Court ruled in 1986 that the 1973 act could 
not be used to justify the regulations. Meanwhile 
Congress passed the 1984 amendments to the Child 
Abuse Prevention and Treatment Act that permitted 
"reasonable medical judgement" to be used m mak- 
ing decisions about treatment for disabled new- 
borns. 

Birthweight: Weight of an infant at the time of deliv- 
ery. Birthweight can be recorded in either pounds/ 
ounces or grams. 

Birthweight-specific mortality rate: Deaths in a birth- 
weight c^^tegory per 1000 live births in the same 
birthweight category. 



Bronchopulmonary dysplasia: A chronic lung disease 
in newborns, often defined by a characteristic 
appearance of the lungs on X-ray and the use of 
assisted ventilation for more than 4 weeks. 

Case mix: A pleasure of the mix of cases being treated 
by a particular health care provider that is intended 
to reflect the patients' different needs for resources. 

Cerebral palsy: A paralysis of varying severity that 
results trom nonprogressive damage to the brain at 
or around birth. 

Congenital anomalies: Birth defects that result from 
imperfect development during pregnancy. 

Continuous positive airway pressure (CPAP): A res- 
piratory therapy technique that prevents areolar 
collapse by keeping up positive pressure on the lungs 
between breaths. 

Cost-benefit analysis: An analytical technique that 
compares the costs of a technological application to 
the resultant benefits, with both costs and benefits 
expressed by the same measure. This measure is 
nearly always monetary. 

Cost-effectiveness analysis (CEA): An analytical tech- 
nique that compares the costs of a technology or of 
alternative technologies to the resultant benefits, 
with cost and benefits/effectiveness not expressed 
by the same measure. 

Cost saving: An economic concept referring to the re- 
sults of cost-benefit analysis when the net bc^nefit 
is greater than zero. 

Diagnosis-related groups (DRGs): A patient classifi- 
cation scheme based on the principal diagnosis, sec- 
ondary diagnoses, surgical procedures, age, and dis- 
charg. status of the patients treated in hospitals. 

Extremely low birthweight: Birthweight of less than 
1000 grams (2 lb 2 oz). 

Gestational age: The number of completeo weeks 
elapsed between the first day of the last non-n.-l men- 
strual period and the date of delivery. 

Handicap rate: See serious handicap and moderate 
handicap. 

Health maintenance organization (HMO): A health 
care organization that, in return for prospective per 
capita payments, acts as both insurer and provider 
of comprehensive but specified medical services. 

Hydrocephalus: The distension of the head caused by 
the excessive buildup of cerebral spinal fluid. 

Infant mortality: Death in the first year of life. It in- 
cludes neonatal mortality and postneonatal mor- 
tality. 

Intracranial hemorrhage: Bleeding in the brain. 
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Intraventricular hemorrhage: Bleeding into the cere- 
bral ventricles, small cavities within the brain that 
secrete and convey cerebrospinal fluid. 

Level I hospitals or facilities: Hospitals that provide 
only normal newborn care under the regional sys- 
tem for perinatal services. 

Level II hospitals or facilities: Hospitals in the regional 
system for perinatal services that provide special- 
ized neonatal care but lack some components and 
expertise found in Level III facilities. 

Level III hospitals or facilities: Hospitals in the regional 
system for perinatal services that provide the most 
sophisticated neonatal intensive care. 

Low birthweight: Birthweight of less than 2500 grams 
(5 lb 5 oz). 

Major diagnostic category (MDC): The 23 principal 
dJ'^^sions in the DRG patient classification scheme. 
The diagnoses in each MDC correspond to a single 
organ system or etiology and in general are associ- 
ated with a particular medical specialty. 

Mechanical ventilation: See assisted ventilation. 

Medicaid: A federally aided. State-administered pro- 
gram of medical assistance for low-income people 
meeting categorical requirements. 

Moderate handicap: Disabilities that include moder- 
ate mental retardation (IQ or developmental quo- 
tient between 70 and 80). 

Morbidity: The condition of being diseased or 
disabled. 

Neonatal intensive care: The constant and continuous 

care of the critically ill newborn. 
Neonatal intensive care unit (NICU): A specialized 

hospital unit combining high technology and highly 

trained staff that treats seriously ill newborns. 
Neonatal mortality: Death in the first 28 days of life. 
Neonatal mortality rate: Deaths during the first 28 

days of life per 1000 live births. 
Neonate: A newborn infant less than a month old. 
Neonatologist: A pediatrician specializing in newborn 

care. 

Neurodevelopmental outcome: A measure of neuro- 
logical and developmental status. 

Outliers: Hospital cases with statistically unusual 
lengths of stay under the DRG patient classification 
scheme. 

Perinatal care: Medical care pertaining to or occurring 
in the period shortly before and after birth,, vari- 
ously defined as beginning with the completion of 
the 20th to 28th week of gestation and ending 7 to 
28 days after birth. 
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Postneonatal mortality: Death between the first 28 
days and the end of the first year of life. 

Postneonatal mortality rate: Postneonatal deaths (28 
days to under 1 year) per 1,000 neonatal survivors. 

Preferred provider organization (FPO): A form of 
health care delivery system in which an agreement 
is made between providers and pu^'chasers that pa- 
tients who seek medical care from the "preferred 
providers" will obtain benefits such as reduced cost 
sharing. In return for the potenaal increase in vol- 
ume of patients, the preferred providers may agree 
to discount their charges, to accept capitated pay- 
ments, or to submit to enhanced utilization review. 

Preterm infant: A newborn whose gestational age is 
less than 37 completed weeks. 

Prospective payment: Payment for medical care on the 
basis of rates set in advance of the time period in 
which they apply. The unit of payment may vary 
from individual medical services to broader catego- 
ries, such as hospital case, episode of illness, or per- 
son (capitation). 

Pulmonary surfactant: A substance in the lung that 
reduces the surface tension along the alveoli and pre- 
vents the collapse or the pulmonary' air spaces. 

Quality-adjusted life-year (QALY): An economic 
measure used in cost-effectiveness analysis to express 
benefits/effectiveness. 

Regionalization: The organization and coordination 
of perinatal services, including a three-tiered system 
of hospital care, by geographic region. 

Respiratory distress syndrome (RDS): An acute res- 
piratory disorder which, in premature infants, is 
thought to be caused by a deficiency of pulmonary 
surfactant. When RDS is in severe form, patients 
often need mechanical assistance to breathe. 

Retinopathy of prematurity (ROP): A retinal disease 
afflicting premature infants that can lead to retinal 
scarring, retinal detachment,, and blindness. 

Serious handicap: Disabilities that include sev ere men- 
tal retardation (IQ or developmental quotient be- 
low 70), cerebral palsy of significant degree, major 
seizure disorders, or blindness. 

Steroid treatment: A drug regimen administered to 
pregnant women in preterm labor in order to accel- 
erate fetal lung maturation. 

Surfactant: See pulmonary surfactant. 

Very low birthweight: Birthweight of less than 1500 
grams (3 lb 3 oz). 
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